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ABSTRACT

A Fortran computer program to calculate radar maximum range,
written for the NRL CDC-3800 computer but adaptable to any computer
with a Fortran compiler, is described. The computation follows previously
éstablished principles, with the pattern-propagation factors set equal to one,
so that the range calculated is for free space in the sense that earth’s sur-
fuce effects are not taken into account. However, the effects of a standard
atmosphere are included in the calculation. Reflection-interference effects
can be separately described by utilizing the calculated free-space range as
an input to computer plotting programs.

The program calculates the range for any specified probability of detec-
tion, false-alarm probability, and Swerling fluctuation case by utilizing a
slightly modified subroutine written by Fehlner and coworkers of the
Johns Hopkins University Applied Physics Laboratory. Postdetection
(noncoherent) integratioin is assumed. The system nuise temperature is
computed including effects of galactic, cosmic blackbody, solar, and tropo-
spheric noise, and the tropospheric molecular absorption for oxygen and
water vapor is calculated for a standard atmosphere. The effect of refrac-
tion on *he ray path is included in the absorption calculation by ray trac-
ing, assuming a negative-cxponential refractivity-height profile. The range
of validity of the noise temperature and absorption calculations is approx-
imately 100 MHz to 100 GHz. The computation requires a few seconds
with the CDC-3800 computer.

AUTHORIZATION

NRL Problems R02-64 and R0O2-55A
Project PO-0-0038 and SF 11-141-005-15483

PROBLEM STATUS

A final report cn one phase of the problem; work is continuing on
other phases.

Manuscript submitted June 1, 1972,
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A FORTRAN COMPUTER PROGRAM TO CALCULATE THE RANGE
OF A PULSE RADAR

INTRODUCTION

The program to be described performs a calculation of the free-space range of a
monostatic pulse radar, following the principles presented in NRL Reports 6930 and
7010 (1). The range calculated is “free space” in the sense that the cffects of the earth’s
surface, such as reflection-interference and below-the-horizon shadow, are not taken into
account. However, the absorption and noise of a standard atmosphere, galactic noise,
and solar noise are taken into account. For detailed definitions of some of the quantities
involved in range calculation and for a discussion of the theory, the reader is referred Lo
those reports. In NRL Report 6930, a Range-Calculation Work Sheet was presented to
systematize the calculation and thus to simplify handling the rather large number of
quantities and computational steps involved. The use of a computer program represents
a still further step toward simplification of the calculation, and also minimizes the possibility
of error. The computation requires punching onc card with the input data (radar parameters
and related quantities). To guard against error in punchirg this card, the program prints
out all of the input data as well as the caleulated results. The program has been given the
Fortran name RGCALC.

Specifically, this program is a Fortran formulation of Eq. (12) of NRL Report 6930
(Eq. (3) of this report), with the pattern-propagation factors omitted. The signal at the
target is therefore assumed to be due solely to dircet-path propagation, and if the specified
transmitting and receiving antenna gains are thase of the beam maxima, the target is assumed
to be in the heam maxima. As discussed in NRL Report 6930, the equation is based on
the assumption that the detection range is limited by the normal system noise — e, that
there is no interference from manmade signals or noise, and no clutier signals caused by
echoes from extrancous targets, such as rough sea or terrain, rain, or any profusion of
other targets in the vicinity of the target whose detection is being considered. The range
thus caleulated may be ealled the *“basic” detection-range capability of the radar,

The Range-Caleulation Work Sheet of NRL Report 6930 requires some auxiliary
calculations and the use of some sets of curves to determine the visibility factor (minimum-
detectable signal-to-noise ratin); the antenna, transmission-lince, receiver, and system noise
temperatures; and the atmospheric absorption loss, Caleulations equivalent to using these
curves and auxiliary zalculations are performed within Program RGCALC. The only
auxiliary caleulation required is that of number of pulses on target, for a scanning radar.

It was not considered feasible to do this caleulation in the computer program because the
number of pulses is sometimes determined by a signal processor rather than by the seanning,
However, the caleulation is not difficult, in the scanning radar case, as will be discussed
later in this report. Postdetection (noncoherent) integration of the pulses is assumed.*

*See Ref, 1 (NRL Report 6930), p. 14,
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The computer program can also be adapted to caleulating the range of a CW radar
and of a bistatic radar by suitable redefinition of some af the input parameters. For CW
radar, the pulse length 7 can be interpreted as the effective sampling time of the detection
processor in microseco . ds; or if such a processor is not used, the parameter 7 can be in-
terpreted as the reciprocal of the receiver predetection bandwidth in megahertz, or as the
length of time a scanrning beam remains on the target, whichever Llime is the shorter. The
bandwidth correction factor can be used as a correction for non-optimum processing or
filtering of the signal. The “number of pulses integrated” should be set equal to 1. The
transmitter power P, is defined for this calculation as the average transm'tted power in
kilowatts.

If the radar is bistatic, the only reinterpretation required is in the meaning of the
calculated range number. Instead of representing the monostatic range, it represents the
square root of the product of the transmitter-to-target range R, and the target-to-receiver
range R,. In other words, the calculated number is the geometric mean of R, and R,.
The transmit and receive antenna gains are already specified separately in the program
because they are actually different even for some monostatic radars. The target cross
section o must of course be the bistatic value.

The frequency range over which the program may be used is from about 100 MHz
to 100 GHz, but il could be extended downward to about 30 MHz and upward to perhaps
150 GHz without incurring gross errors. (Below 30 MHz the occurrence of ionospheric
effects and above 150 GHz the multiplicity of water-vapor absorption resonances invalidate
the equations used in the program.)

The program is written with the option of calculating range for either specified
detection and false-alarm probabilities, or for a specified signal-to-noise power ratio (expressed
in decibels). The latter option is useful in calculating the maximum range of a tracking
radar (as distinct from a search or acquisition radar) when the minimum signal-to-noise
ratio for successful tracking is known.

Except for the fact that the external noise from celestial and terrestrial sources and
the absorption that occurs in the earth’s atmosphere are taken into account, the free space
range of the radar is calculated. Actually it would be more accurate to call this range a
quasi-free-space range because of the inclusion of celestial and terrestrial noise and absorp-
tion effects. Because the absorption by the troposphere is dependent on the elevation
angle of the ray path, the target elevation angle is one of the input quantities for the
range calculation. The radar is assumed to be located at or near the earth’s surface —
within say a thousand feet of sea level. Range calculations applicable to extraterrestrial
locations (e.g., satellite or space-ship radars) can be made by setting the elevation angle to
a high value, e.g., 90 degrees. At this elevation angle, the absorption is usually negligible
for frequencies appreciably below the 22-GHz water-vapor resonance line. Also, the
computed absorption, in decibels, is printed out, so that the computed range can be
revised to correct for it if a true free-space range is desired. The ray path for the absorption
calculation is computed by a ray-tracing algorithm, assuming an exponential decrease of
the refractivity with height (CRPL Exponential Atmosphere), with surface refractivity of
313 N units (2).

The principal non-free-space factor not taken into account is the effect of the reflee-
tion and absorption by the earth’s surface. These effects may modify the free-space range
greatly under some conditions, but they cannot be readily taken into account by a single
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range caleulation. To depict the non-freesspace performance of a radar, what is needed is
a graphical representation of the detection-range contours in a vertical plane, or, for a
target at constant altitude, a plot of the variation of sigral strength with range, relative
to the signal required for detection,

Programs to produce such plots have been written, and have been described in a
separate report (3). One of the inputs required for these programs is the free-space range
of the radar. Hence, the present program supplements the plotting programs. They could
be combined into a single package. However, this has not been done because ordinarily
it is not objectionable to calculate the free-space performance and to plot the non-free-
space detection curves as two successive operations.

For radars whose antenna pattern is a narrow elevatable beam, no significant reftection-
interference effects oceur when the beam is elevated by one beamwidth or more, and the
quasi-free-space range calculation then applies directly.

The program to be described has been used and cxtensively tested over a period of
time. Results agree with manual calculations using the range-calculation worksheet of
NRL Report 6930 (1). The program was used to compute the ranges of actual Navy
radars for a forthcoming NRL Radar Division report.* The execution time for a single
radar range calculation, for all five Swerling fluctuation cases, is approximately 2 sec on the
NRL CDC-3800 computer, not including compilation time which is about 100 sec.
(Compilation can of course be avoided by having an “object deck” or machine-languaye
deck punched, and using it instead of the Fortran or “source deck.”)

COMPARISON WITH OTHER PROGRAMS

Some years ago, a computer program was developed for the calculation of maximum
radar rays by a contractori for the Scientific and Technical Intelligence Center of the
Office of Naval Intelligence (ONI-STIC-50). The work was completed about 1966. This
program was based on NRL Report 5868, an carlicr edition of NRL Repcrt 6930 (1).

It utilized some curves published in that report by reading a finite number of data points
into the computer and interpolating between them; this was donce for the “yisibility
factor” (minimum-detectable signal-to-noise ratio), the antenna noise temperature, and

the atmospheric absorption loss. Because of this the program was limited to caiculating
the range for 0.5 probability of detection for @ nonfluctuating target, and to the frequeney
range 100 MHz to 10 Gllz,

Another computer program has been deseribed by Boothe (4). This program
computes the probability of detection as a function of the range, rather than computing

*This will be the fifth cdition of NRU Report 5657, 4th ed., June 21, 1961, “Navy Ruadar Systems
Survey,” R.D. Tompkins.

1The exccution time depends partly on the number of pulses integrated and on whether or not ather
immediately preceding calculations have been made for the same number of pulses and the same false:
alarm probubility.

1+The contractor was Control Data Corporation, and the programming was done by Mrs, Irma Wachtel,
Consulting assistance on the radar-equation aspects of the work was furnished by the author of this
report. The project was initiated and monitored by LCDR William Barron of ONI-STIC. The program .
is described in an internal ONI document STIC-CW05-1-66 titled * Computer Propram R-50, Radar
Maximum Ringe Calculation.” t'eh, 23, 1967,
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the range for a specified probability. However, the maximum range for specificd probability
is found by computing probability for decreasing range values until the desired probability
is reached. The program also makes use of atmospheric absorption curves from NRL
Report 5868, entered as data into the computer; consequently it is limited to the frequency
range 100 MHz to 10 Gllz, plus perhaps a few “spol™ frequencies up to 100 GHz., The
report does not state the mothod used for cvaluating antenna noise temperature, and a
program listing is not given. The effect of target aspect variation on cross section is taken
into account deterministically, rather than statistically using Swerling’s theory. The signal-
to-noise ratio and the resulting probability of detection are calculated at ranges that
decrease in steps corresponding to observation of a target approaching the radar. The
target is assumed to he changing aspect according to some known preseription, during this
approach, and the corresponding cross-section variation is caleulated. (A missile target is
assumed in Boothe’s analysis.) As the target approaches, when the probability reaches the
specified value, the range is printed out or otherwise recorded. Either single-scan or
cumulative probability can be specified.

D. M. White has described a comprehensive program (5) to analyze radar performance
in a dynamic situation, computing signal-to-noise ratio and detection probability as a func-
tion of time and targel position, taking into account the offeets of multipath interference,
clutter echces from the sea or rain, and target motion. In short, the program simulates
in as much :letail as is practical the complete racar-target engagement, for a single target.
This prograin ulilizes a subroutine written by L. F. Fehlner* of the Johns Hopkins Applied
Physics Laboratory, and deseribed by Fehlner in a previous report (6), to calculate the
probability of detection for a specified signal-to-noise ratio, false-alarm number, number
of pulses integrated, and target fluctuation characteristic. Any one of five fluctuation

ases can be specified:  the nonfluctuating case and the four Swerling fluctuation cases (1).
White mentions other programs that have heen written by Kirkwood (7) and by Nolen (8).

Killinger (9) has developed a comprt. program that calculates the ratio of signal to
noise-plus-clutter as a function of target . e, Probahilities of detection and false alarm
are also computed. Maximum detection range can be found for a specified signal to noise-

plus-clutter ratio.

‘The philosophy of tae program 1o be described in this report is somewhat different
from those discussed above. It is not intended to simulate the radar performance in a
dynamic situation. Instead, it is intended to provide, for a specified target size, fluctuation
model, and detection probability, a single number that will serve as an index of the radar’s
range capability - a “figure of merit.” The geophysical environment is taken into account
as realistically as possible except that effects of cluiter, rain, and multipath interference
are omitted. The factors that are believed to be more realistically or accurately calculated
than in other programs are the system noise temperature (or more spucifically, the tropo-
spherie, solar, and galactic centributions to the antenna temperature) and the tropospheric
absorption loss (due to collision-hroaderied absorption resonances of the oxygen and water-
vapor molecules). The antenna noise temperature and the atmospheric attenuation are
computed directly rather than by interpolation using data entered from precaleulated
curves or tables; consequently, the permissible range of frequency is much greater than
for most programs using precaleulated temperature and absorption data.

* Assisted by R.G. Roll and GUTL Trotter.
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The program to be described in this report computes the detection range for either
a steady (nonfluctuating) target or for any of the four Swerling fluctuation cases (or for
all five cases), for a specified probability of detection and a specified false-alarm probability.
Fehiner’s subroutine (which he named MARCUM) has been incorporated into the NRL
program, with slight modifications, for this purpose. The principal modification has been
to provide for calculating on the basis of false-alarm probability, rather than Marcum’s
false-alarm number. Another modification insures that when successive calls are made to
the subroutine with the same false-alarm and number-of-pulses parameters, the bias-level
calculation is not repeated. This saves an appreciable amount of computing time in the
iterative procedure used to determine signal-to-noise ratio for specified probability. (Sub-
routine MARCUM actually does the inverse problem of computing probability for a specified
signal-to-noise ratio.) Because of these and other changes, the subroutine as actually used
in the NRL program has been renamed MARSWR (acronym for Marcum-Swerling); but it
is basically Fehlner’s MARCUM subroutine. The calculation is made assuming a square-
law detector, whereas most radar receivers employ a linear-rectifier detector,* but the
difference in performance of the two detector types is about 0.2 dB at most, depending
on number of pulses integrated.

DATA INPUTS

The inputs to Program RGCALC for a single radar range calculaticn are punched on
a single data card. The format specifications for this card are as follows. Each of the
listed quantities is discussed briefly in the following paragraphs.

Data Item Format Specification Card Columns
Transmitter power, kW F6.0 1-6
Pulse length, psec F6.0 7-12
Transmit antenna gain, dB F4.0 13-16
Receive antenna gain, dB F4.0 17-20
Target cross section, m2 F3.0 21-26
Frequency, MHz F6.0 27-32
Antenna ohmic loss, dB 4.0 33-36
ILeceiving line loss, dB i"4.0 3740
Transmit line loss, dB F4.0 41-44
Antenna pattern scan loss, dB F4.0 45-48
Miscellaneous loss, dB F4.0 49-52
Bandwidth factor, dB F4.0 53-56
Receiver noisc factor, dB F4.0 57-60
Number of pulses I5 61-65
Probability of detection 4.0 66-69
False-alarm exponent F4.0 70-73
Swerling fluctuation case 11 74
Target elevation angle, deg F4.0 75-78
Galactic noise code 12 79-80

*Sce Refl. 1 (NRL Report 6930), p. 29.
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6 . L. V. BLAKE

The data items o2 the preceding list denoted “probability of detection” (Cols. 66-69)
and “iale ~lamm expoieent’ (Cols. 70-73) are actually so defined only if the “case’ paramceter
(Ca T4 6 00 L 2,8, 4, 01 5. I the case parameter is 6 or 7, as will be discussed sub-

. ouently . et detail, the range is caleulated for a specified signal-Lo-noise ratio in

de -ihels (€ ase € or ratios (Case 7). If one signal-to-noise ratio is to be specified, il goes
in ca ! - olumms 6.-59 in place of the probability of detection. The second signal-to-noise
ratio goes in Cols. 70-73, in place of the false-alarm exponent.

Data items shown as having an F format specification can be entered as a number
including a decimal point, with the number positioned anywhere within the card-column
field. If an F-specification number happens to be an integer, it can alsc be entered without
a decimal point, but in that case it must be right-adjusted within the card-column ficld.

The specification £6.0 means a number of 6 characters or less including decimal point and
sign, if any (positive sign is implied if no sign is given). The decimal point can be positioned
anywhere in the field. Data items having an I format specification must be integers (no
decimal point), and must be right-adjusted in the column field.

This single card contains all the aumerical data required for a radar range calculaticn.
However, two data cards are required for each radar calculation; the other (first) card
contains any alphanumeric material that may be required to identify the radar. This
material is punched anywhere in the 80-column field of the data card, and it will be printed
out at the top of the page preceding the listing of input-output quantities.

Calculations for any desired number of radars can be made in one computer run by
stacking the data cards in the following manner:

Cards 1, 3,5,7,... Alphanumeric material identifying the radars

Cards 2, 4, 6, 8, . . . Data cards giving numerical parameters corresponding to the
preceding identifier cards.

If it is not desired to provide alphanumeric identifying material, blank cards should be
inserted at positions 1, 3, 5,7, . .. of the data deck. The last card of the deck is an
end-of-file card. When this is encountered. the job will be terminated.

In the discussion of definitions that follows, a basie principle should be kept in mind.
In any radar system, the partitioning of the system into sections called “antenna,” *'trans-
mission line,” “receiver,” and apransmitler is somewhat arbitrary (see NRL Report 6930,
p. 47, Fig. 10, and NRL Report 7010, p. 38, Fig. 5). The points in the system at which
this arbitrary partitioning is done determines the numerical values of losses, gains, power,
and noise temperatures to be assigned to the factors which will subsequently be identified
as Ly, L Lyy Py, G, G,, Ty. T, and T, (NF). The range caleulation will come out the
same no matter how this partitioning is done if the assignment of values to all these
quantities is consistent with the partitioning selected. Values of losses in decibels are to
be entered on the data card as positive numbers.

Transmitter Power. See NRL Report 6930 (1), p. 11. Symbol P,. This is the pulse
power of the rudar in kilowatts.
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Pulse Length, Sce NRL Report 6930, p. 11. The symbol 7 is used for the duration
between 3-dB points of the transmitted RF pulse, in inicroseconds. I the radar is of the
pulse-compression type, the uncompressed pulse length applien, assuming that P, is the
power of the uncompressed pulse. The basic rule is that the product P17 must equal the
transmitied pulse energy. (More specifically, the pulse power in kilowatts times 1063,
multiplied by the pulse length in microseconds times 10—6, must equal the transmitted
pulse energy in watt-sccond.)

Antenna Gain. See NRL Report 6930 p. 12. The power gains of the transmitting
antenna (G;) and receiving antenna (G,) are in decibels. Power gain G is to he distinguished
from directive gain D; these quantities are related by G = kD, where k is the radiation
efficiency (k € 1). The radiation efficiency is 2 measure of ohmic or heat loss in the
antenna, and should not be confused with aperture efficiency, which measures the relation-
ship between the directive gain actually obtained and that which would have been obtained
if the aperture were uniformly illuminated.

Target Cross Section. Sce NRL Report 6930, p. 13. The symbol o is used for the
radar cross section of the target in square meters. For comparison c{ the performance
of competing systems, the value ¢ =1 m?2 is often used.

Frequency. See NRL Report 6930, p. 14. The symbol MMtz is for the radar frequency
in megahertz.

Antenna Ohmic Loss. See NRL Report 6930, p. 48. The symbol L, is for the ohmic
loss of the antenna expressed in decibels. Even though this loss is taken into account by
the fact that G represents the power gain rather than the directive gain of the antenna, it
must also be entered separately because of its contribution to the system noise.  (Ils
inclusion in the power gain accounts only for its offoct on the transmitted and received
signal powers.) If there are separate transmitting and receiving antennas, L, refers to the
receiving antenna only. This quantity is negligible for many types of antennas, particularly
for parabolic reflector types, for which the approxination Ly = 0 dB is usually justifiable.
Certain types of array antennas, especially these that employ fiequency or phase scanning,
may have appreciable ohmic loss,

Receiving Line Loss. See NRL Report 6930, p. 70, The symbol L, is used for the
loss of the receiving Lransmission line in decibels. This loss usually includes duplexer or
circulator losses; the prefatory remark concerning partitioning of the receiving system

applies.

Transmitting Line Loss. See NRL Report 6930, p. 70. The symbol L, is for the
loss of the transmitting portion of the transmission line in decibels (not usually identieal
to L;). Duplexer loss is usually included. The remark coneerning partitioning of the
system applies.

Antenna-Pattern Scan Loss. See NRL Report 6930, p. 70. Symbol Ly . This loss
reflects the facts that (u) the number of pulses integrated for a scanning radar is somewhat
arbitrarity taken to be the number occurring while the target is within the half-power
beamwidth of the antenna, and (b) the beam does not have full uniform gain within this
beamwidth and zero pain clsewhere, For a nonscanning radar aimed directly at a target,

L, =0dB. For a simple azimuth-scanning radar. L., = 1.6 dB. For a simultancouslv
7 iy v lep A
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azimuth- and elevation-seanning radar, Ly, = 3.2 dB is o reasonable assumption, aithough
this rosult is based on a crude rather than a sophisticated analysis.

Miscellancous Loss. Sve NRL Report 6930, p. 82-84. Symbol L. Among the
possible losses that may be included hers are collapsing loss, signal-processing loss, array-
fill-time loss, beam-squint loss, puluri:'.;lli(.n-mL:lti(m loss, and rain-absorption loss (if the
rainstorm extent is less than the radar-to-target range). The decibel value of this loss is
obtained by directly adding the decibel values of individual contributing losses.

Bandwidth Factor. See NRL Report 6930, p. 14. Symbol Cp is for the decibel loss
resulting from a mismatch, in the North-filter sense, between the pulse characteristics and
the receiver filter transfer characteristic. For a simple pulse radar, this relationship can
he analyzed adequately in terms of the pulse length and shape, and the filter bandwidth.
For most radars of this type it is reasonable to asume Cpy =04dB,in the absence of
specific knowledge to the contrary. For pulse-compression radars, there is usually some
loss associated with the compression filter, ranging from perhaps 0.5 dB to several decibels,
depending on the technique employ~d and the compression ratio. As is done with the
loss factors, Cpy is to be enteved as a positive decibel number.

Recciver Noise Factor. (Also aalled receiver noise figure; although “figure” is perhaps
the most common usage, [EEE standords give preference to “factor.””} Sece NRL Report 6930,
p. 50. Symbol NF or F,,. The receiver noise factor and receiver noise temperature are
alternative ways of expressing the same property of the receiver, but the noise factor has
heen chosen here because it is the quantity more commonly given in receiver specifications.
The decibel value of the noise factor is to be entered on the data card.

Number of Pulses. Sce NRL Report 6930, pp. 71 and 72. Symbol M. If this number
is determined by a signal processor, it must be found by reference to the characteristics
of the processor. When it is determined by the scanning action of the radar antenna, and

if a simple azimuth scan is employed, the appropriat2 formula is

¢-PRF

o e PR 1
6 - RPM - cos 0, 4

M

where ¢ is the azimuthal half-power heamwidth, degrees; PRE is the pulse repeiition
frequeney, hertz; RPM is the rotation rate of the antenna, revolulions per minutes and
0, is the elevation angle of the target. (The term cos 0. is significant only when a targey
is at an clevation angle of about 10 degrees or more. For vertical-fan-heam radars the
range is usually calculated at an clevation angle low enough so that cos i, = 1.)

For simultancous azimuth- and elevation-scanning rada.s, assuming a sawtooth-motion
elovation scan and a uniform-speed-rotation azimuth scan, the appropriate formula is

¢0-PRF
M= = ’ (2)
6w, t, - RPM.cos 0,
in which ¢, PREF, RPM, and il have the same dofinitions as before, 9 is the vertical beam-
width, w,. 15 the vertical scanning spead in degrees per second at the target clevation angle,
and (,, is the vertical-scan period in seconds, including the dead time if any.
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The number of pulses to be usea for radars of other sein types must be analyzed on
an individual basis, as discussed in NR1L Report 6930,

The number of pulses is entered on the data card as an mteger (I-format). Consequently
the number must be right-adjusted in the field of columns 61 through 65. Il the number
calculated from the above formulas is not an integer, it should be rounded off to the
nearest integer. (The subroutine that culeuiates detection probability requires an integer
for the number of pulses mtegrated.)

Probability of Detection. See NRL Report 6930, pp. 18 and 19. Symbol ;. Prob-
ability is here given in the mathematical sense of a number between 0 and 1 (not as a
pereentage figure). Values larger than 0.99 should not be entered because computational
difficulties result. Also, values smaller than the false-alarm probubility Py, are meaningtiess;
for practical purposes, Py should be at least an order of magnitude larger than Pp,. (Ordi-
narily it is many orders of mugnitude larger.) Typical values of Py of interest range from
about 0.1 to 0.95.

False-Alarm Exponent. Se¢ NRL Repoit 6930, pp. 18-19  Symbol —log,, Py
‘Typical values of false-alarm probability range from 101 to 17712, The number to be
entered on the data card is the positive value of the exponent {(power of ten). Thus, for

.-",-a = 1076, enter the nun:her 6.0 on the data card: for Pr, = 25X 1u™ 6, enter £ 6.

Swerling Fluctuation Case. See NRI. Report 6930, p- 28. Five cases are considered,
with O representing the nonfluctuating target and integers 1 through 4 representing the
4 Swerling cases as defined in NRI, Report 6930 (and elsewhere). I the numbers 0, 1, 2,
3, or 4 are punched on the data card in Column 74, the corresponding fluctuation case
will be caleulated. If 5 is punched, all 5 cases will be caleulated.,

Further options are provided Ly 4 6 ora 7 punch in Column 74. A 6 punch signifies
that the range is to be caleulated for a specified signal-to-noise ratio rather than for
specified probabilitics of detection and false alarm. For this case, the sipnal-to-noise ratio,
in decibels, is punched in Columns 66-69, where probability of detection would ordinarily
appear. If a 7 is punched in Column 74, the caleulation of range will be made for two
different signal-to-noise ratios, one given in Columns 66-69, the other in Columns 70-73.
When either 6 or 7 is punched in Column 74, the numher-of-pulses entry, Columns 61.65,
is ignored.  Likewise, if 6 iy punched, the false-alurm exponent entry, Columns 70-73, 1s
ignored.

Target Blevation Angle. See NRI, Report 6930, pp. 48, 6GR, (9, and 72 through 80.
As mentioned in the Introduction, this factor cnters into the “quasi-free-space™ range cal-
culation because the effect of the carth’s atmosphere on the antenna noise temperature
and on absorption loss is taken into account. The elevation angle is to be entered in degrees.
If a range calculation applicable in empty space is desired, a close approximaion can be
obtained, except at frequencies near the water 7apor and, near or above the oxvien resonances
(22 and 60 Glz, respectively) by setting the elevation angle to 90 degrees, hecause Tor
this cetting the aYsorption is virtually negligible, Also, since the caleulatea absorption is
one of the printed-out quantities, correction for it «an be made.

Galactic_Noise Code. See NKL Report 6930, poAd, Figo 110 As shown in the refereneed

figure, the noise received from the galaxy to which the solar system belongs varies depending
on the part of the galaxy toward which the antenna is pointed, This direetion i not
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usually predictable. Therefore the options of caleulating the radar range for three choiees

of patuctic and solar noise levels are provided, The codes are 1 for minimum galactie

noise, 0 for average notse, and +1 for maximum galoctic noise.  (The maximum and minimum
values are shown by dashed lines in the referenced figure of NRL Report 6930.) The
number entered is to be right-adjusted in Columns 79-80

PROGRAM OUTIPUT

The output of Program RGCALC is a single printed page for cach set of data inputs
(two data cards). The alphanumeric material of the first data card is printed at the top
of the page. ‘Then the numerical input data are printed, hoth as a record of the data and
to ensure that the data card was correctly punched. Next are printed some intermediate
output quantities such as the computed notse temperatures of the system components and
of the overall receiving system, and the tropospheric absorption for a two-way path through
the entire troposphere at the specificd elevation angle, Then, if the number punched in
Column 74 of the numerical data input card was 5 or less, the caleulated range or ranges
are printed for the Swerling case or cases specified.  Along with each range figure are also
given the caleulated signal-to-noise ratio in decibels and the tropospheric attenuation for
that range.

If the “cage™ parameter of Column 74 is 6 or 7, the printed output is modified slightly
to reflect the fact that the range has been calculated on the basis of an assumed signal-to-
noise ratio rather than for specific probabilities of detection and false alarm and a specific
fluctuation model.

Figures 1 through 6 are illustrations of the input data cards and resultant printed
output for three different “case™ options, namely 1, 5, and 7. Cases 0, 2, 3, und 4 produce
output results similar to that shown for Case 1, and Case 6 produces an output similar to
that of Case 7, except that the range is then calculated for only one signal-to-noise ratio.
The radar parameters of these sample calculanions are fictitious.

EQUATIONS AND ALGORITHMS

It has been mentioned that Eq. (12) of NRL Report 6930 (1) is the basis of Program
RGCALC. The equation is

o o |1
Py Ty weel G ,r‘"ﬁ‘31
By, = 1292 ‘ﬂiﬁifiiwﬂl' o (3)

Iv. T Ve Gyl

The symbols in this equation have been previously defined in this report except for those
that follow:

Fy, F, — pattern-propagation factors for the radar transmitter-to-target and target-to-
receiver paths, respectively. In Program RGCALC, F, = F, = 1.

T, — the receiving system noise temperature, kelvins

V.. — the visibility factor, or predetection signal-to-noise ratio required for the
specified probabihty of detection of the turget echo

GITITSSYTOND




NRL REPORT 7114 11

L. = the system loss factor, equal to the product of all the component loss factors *
(In decibels, L s the sum of the component decibel losses.)

Program RG (‘Al C is an executive routine which reads the data cards and then trans-
mits the data to a subroutine named RANGE. This subroutine calls other subroutines
which calculate the system noise temperature Ty, the signalto-noise ratio V,,, and a table
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Fig. 1 - Data cards for ealeulating range of a U search radur, Swerling case 1 target fuctuntion

(1 punch in Col. 74 of second card).

*Laoss factor is sometimes expressed as a number less than one in which case it waould belong in the
numerator of the range equation. Here the correct engineering definition of loss as the reciprocal of
Hain is employed, so that L 2 1.
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12 L. V. BLAKE

RADAR NAME GR DESCRIPTION e~

FICTITIOUS UHF SEARCH RADAR

RADAR AND YARGEY PARAMETERS (INPUTS)H

PULS[: pONER, KW RN N
PYULSE LENGTH, MICROSEC +syvrey
TRANSMIT ANTENNA GAIN, DB ,.,,
RECE]VE ANTENNA GAIN, DB 4,44,
FREOUFN(-Yt MHZ [N ] TR BRI I B B | et ¢t
RECEJVER NOISE FACTOR (FIGURE), D8 ,
BANDWIDTH CARRECTION FACTAR, NB ,.,.
ANTENNA GHMIC LOSS,; DB o peravntoane
TRANSMIT TRANSMISSI®N LINE L©SS, DB
RECEJVE TRANSMISSION LINE LOBSS, N3
SCANNING=ANTENNA PATYTERN | OSS, DB ,,
MISCELLANEOUS LBSS, DB vowrevnesrore
NUMBER OF PULSES INTEGRATYED 444 vsyo
PREOBABILITY OF DETECTION sqvravrerpororenn
FALSE~-ALARM PROBABILITY, MEGAT]VE POWER 4F
TARGET CROSS SECTIGN, SQUARE MEYERS [,..,,
TARGEY ELEVATION ANGLE, DEGREES ,.j5e7ivsys
AVERAGE SOLAR AND GALACTIC NGISE ASSUMED

PATTERN-PRGPAGATION +HACTORS ASSUMED = 1,

[ I BN

DR
R B )

1)
'
te vt
’

“ - ® » e =

a @« ® & = @ s @ « o

e * ® e ® ®w @ e s & e =
s @ o e e« o

1
]
!
t
]
1
1
t
]
t
t
1
1

leloeim @ @mtele . =»icletat=] ]

I JEEZFYEIERRNSRR SRR AR AN RN SN ERERERDR)

CALCULATED QUANYITIES (QUTPUTS) -~

NA1SE TEMPERATURES, DFGREES KELVIN -3
ANTENNA (TA> |oloo|g.|.|'|otc:.-o

t e
RECEIVING TRANSMISSION LINE (TR) ,,
RECE‘VER (TE, '0|'|'|'||'IO'|:'10||
TE X LINE«LOSS FACTOR ® YEI ,,,..y,
SYSTEM (TA & TR & TE!) (\rveyennenys
TWO-WAY ATTENUATIAN THROUGH ENTIRE TROPOSp
SWERLING SIGNAL - TROPOSPHERIC
FLUCTUATIGN TO-N@ISF AYTENUAT] AN,
CASE RAT!®, DB DECIBELS
1 1,90 0,97

-
« e o e .

Z e o o o o o o o o s e e

Me o o o o « o o o o = + =

Mo @ ® @ W = m e = & e = = =

“ge ot

R

X s o o = e
M- -

RANGE,
NAUTICAL
MILES

P 4

209,9

Fig. 2 - Program RCCALC output for data cards of Fig. 1
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Fig. 3 — Data cards for caleuliting ranpe of u microwave volume-scanning radar, Swerling
cases 0, 1, 2. 3, 4 fluctuation (5 punch in Col. 74 of second card)

(array) of tropospheric absorption losses in decibels at range increments along the (refracted)

ray path for the specified clevation angle. Then a system loss factor L, wilh tropospherie
absorption loss omitted, is caleulated. The range equation arithmetic is then performed,
using the input data and the calculated values of Ty, V,,and L. Then, in the wble of
caleulated absorption loss values, a value of this loss corresponding to the calculated range
is found by interpolation. The range is corrected by a factor corresponding to this loss
factor; then the new loss factor corresponding to this corrected range is found, again by
interpolation; this jteration is repeated until the last correction corresponds to less than
0.1 dB, in a subroutine named ITERAT.
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RADAR

FintlTlaus

HADAR

PULSE
PULSE

TRANSMIT ANTENNA GAIN, Db 44,
RECEJVE ANTENNA GA[N, DB 4,1y
FREQUENCY, MHZ sovqsrroenrguna oy
RECEJVER NQISE FACTOR (FIGURE), DB
BANDWIDTR CORRECTYIGN FACTOR, DB ,.,
ANTENNA @HMIC LBSS‘ pR PR A B RO B
TRANSMIY TRANSMISS]ON LINE LESS, OB
RECE | VE
SCANNING=ANTENNA PATTERN {8S5, DB .,
MISCELLANEDUS LOSS, DR Lveqeraovroys
NUMBER OF PULSES INTEGRATED yyevenyoy
PQOBABleYV Br DETEC‘IBN [N I LR B L B

.. V. BLAKIK

NAME #R DESCRIPT[BN c1

MICROWAVE VOLUME-SCAN RADAR

ANGC TARGET PARAMETERS (INPUTS) «-

POWER, KW i qraneervstn
LE]\GTH, MICRUSEC evprra
'

IR |
(BB ]
DR | 0
K] .
T e

TRANSMISS]ON LINE LOSS, 0B

.
.
.
.
.
.
.
[
.

.
.
.
.
!
[]
]
'
1
1
.
.

r
.
.
.
.
.
]
.
’
.
.

ALARM PROBABILITY, NEGATIVE PUWER OF

TARGET CROSS SECTION, SOUARE MEYERS ,,..,...
TARGET ELEVATIGN ANGLE, DEGREES RN
MAXIMUM SOLAR AND GALACTIC NBISE ASSUMED
PATTERN.PROPAGATIAN FACTBRS ASSUMED = 1.

'l"0."‘...".“‘U....‘&ll'l“".'

CALCULATED QUANTITIES (QUTPUTS) --

NO]SE

TEMPERATURES, DEGREES KELVIN e»
ANTENNA (TA) wuyuvugorrrnsoaasacanes
RECEIVING TRANSMISSIGN LINE (TR) ..
RECEIVER (YE) wuievnrropnorngerossras
TE X LINEwLOSS FACYBR = YEI .. yse
SYSTEM (TA « TR  TEI) . usevinsans

e e
e
e
e
11 e
R
g oo
'R
e
[
e
g
TR
e
YEN
: .

]
e e
R
R

’

TWO-wAY ATTENUAT]ON THROUGH ENTIRE TREPOSPHERE, DR

SWERLING
FLUCTUAYTBN

CASE

SIGNAL- TREPYSPHER]IC

T8-NO!SE AYTENUATION,

RaT!O, DB DECIGBELS
10,6> 2,88
18,69 2,17
14,83 2492
14,838 2,52
12,80 2,69

RANGE,
NAUITICAL
MILES

101,9
101,9

113,0

Fig. 1 - Program RGCALC output for dita curds of Fig 3
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71,1
9,3
288,64
384,95
683,9
3,6
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Fig. 5 — Data cards for calculating range of a millimeter-wave tracking radar on a specified
signal-to-noise-ratio basis (7 punch in Col. 71 of second card)
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RADAR NAME GR DESCRIPTIBN e+

FICTITIAUS MILLIMETEReWAVE TRACKING RADAR

RADAR AND TARGEY PARAMETERS (INPUTS) --

PULSE POWER, KW N R R 50,0
PULSt LENGTHI M!CR@SEC tl']I"lll!'!:.nc(.t'.Q' 0.250“
TQANSMIY ANYENNA GA!NJ DB |V"l!'l".""'ll'00 54-“
RECE]VE ANYENNA GAIN, DB v rvevensetnnorasys 54,0
FREQUENC*l MHZ |",-c;-o-v|-l'v'|09':'a-|t0|' . 30000|n
RECELIVER NOISE FACYOR (FIGURE)Y, DB v, . ye.0es 15,0
BANDWIDTW CORPECTION FACTOR, DB yeperovopaonsen 0.0
ANTENNA BHMxC L@SS‘ DB -lI||7l'|'|1'.1'.-n1o-|'00 nl’.
TQANSMIT TRANSMISSION LINE L8SS, DB (,eepveners 0.7
RECEJVE TRANSMISSION LINE LOSS; DB y,.eevnerve 2.2
SCANNING=ANTENNA PATTERN LB8SS, DB ;v seepseqres LR
MISCELLANEOUS LOSS, DR Ly irqnirevrrovansrnogens 0,3
SXGNAL-TQ-NGISE RAT’G, DB ||||v-v||v:.--'.-|- . 31“
SIGNﬂL_‘Te'N@lSE RATIO. DB |-t."'||v'|‘.v-|l'|l . 0:0
TARGET CRBSS SECTION, SOUARE METERS [, cipevrnes 0.2000
TARGEY ELEYATION ANGLE, DEGREES ,iysvevsqoenoss 0.00
MINIMUM SOLAR AND GALACTIC NO!SE ASSUMED
PATTERN-PRGPAGATIAN FACTORS ASSUMED = 1,
.l-.'l"'-‘.‘.““.‘....‘_“"..‘.“
CALCULATED OUANTITIES (BUTPYTS) ~--
N®ISE TEMPERATURES, UEGREES KELVIN =3
ANTENNA (YA) l||"7'!"0'1’["""'!""" ?82I6
RECEIVING TRANSMISSION LINE (TR) ;yeyuen 194,3
RECEIVER ‘TE’ 'vcl||10|'||l|~:ul-1'c||v- 5880|6
TE X LINE=LOSS FACYOR e YEI 7, .. 440 0e 14738,4
SYSYEH (YA'TR‘TE!) ..1«,1;.vo'¢-|4‘v 1521210
TWO-WAY ATTENUATIGN THROUGH EMYIRE YTRAPOSPHERE, DR 34,4
RANGE = 22,4 N, M1,, TROPOSPHER|C ATYEAUATION = 7,27 D8
FAR SPECIFIED SIGNAL~TB«NA]SE RATIOQ = 3,00 DB
RANGE = 25,0 N, Mi,, TROPOSPHER]C ATTENUATION = 8,15 D8

FAR SPECIFJED SIGNAL-YO-NA]SE RATIO = 0,00 N8

Fmvﬂ‘—PHmmnlRGCALC(W”N[ﬂﬂ(hhld"dsOme.ﬁ
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Figure 7 is a flow chart showing the sequence of events in the computittion.  As
indicated, cheeks are made at severad points which permit certain portions of the calculation
to be omitted if more than one range cateulation is being made and if resulls of some steps
in the preceding caleulation cun be used.

In the following sections, the algorithms of the various subroutines of the program
will be deseribed. The names in parentheses following the subroutine name are its parameters

in the calling sequence.

Subroutine ALPHA (FMIIZ)

This subroutine performs the initial step in the computation ol tropospheric absorption
loss and noise temperature; it computes a set ol absorption cocfficients in decibels per
nautical mile for a set of altitudes above sea fevel from O to 100,000 ft. The first 21 of
these altitudes (from 0 to 2000 ft) are at intervals of 100 ft; the next 28, to 30,000 ft,
are at intervals of 1000 ft: the next 20, to 70.000 ft, are at intervals of 2000 fi; and the
last 6, to 100,000 ft, are at intervals of 5000 ft. This graduation of height intervals
reflects the fact that the absorptien coofficient changes more rapidly in the lower atmosphere
than it does at higher altitudes.

The absorption coefficients are caleututed at each of these altitudes for both oxygen
and water vapor, and the two coefficients are added to obtain a total absarption coefficient.
The resulting array of 75 coefflicients, for the frequency FMHZ (first parameter of the call-
ing sequence) is named ALPH (J, 75).d =3, ltis transmitted as output via a COMMON
block named PTR.

The computation is done using the theory of Van Vleck as described in NRL Report
7010 (1), except that in the previous version of the subroutine described there, Van Vieck’s
centroid approximation was used, and it is not valid in the region near the oxygen resonances
from about 50 to 70 GHz. The new version of the subroutine, as now used in Program
RGCALC, performs a more exact caleulation by summing the separate absorption contribu-
tions of cach of 46 individual oxygen resonance frequencies. Consequently, range caleula-
tions can now be made within as well as outside the frequency region 50 to 70 GHz.

The caleulations are made for the standard dry atmosphere known as the U.S. Exten-
sion to the International Civil Aviation Organization (1CAQ) Standard Atmosphere (10).
The model for watervapor content of the atmosphere is based on @ humidity profile
given by Sissenwine and others (11) as representative of the midlatitude mean humidity.
This midlatitude mean, however, has a surface water-vapor content of 5.947 gm/m:‘, and
it was desired (in accordance with prevailing practice) to adopt the surface water-vapor
density value of 7.5 gm/m? for the absorption computations. Therefore, the values of
the Sissenwine model were all multiplied by the factor 7.5/5.947 = 1.261. The tabulation
given in Sissenwince's report is for altitudes at intervals of 2 km in the region of interest
here. The values corresponding to the altitudes specified in Subroutine ALPHA were
ohtained by means of an interpolation technique developed for digital-computer plotting
of 2 smooth curve through a set of data points (12).

The sets of 75 values of pressure, temperature, and water-vapor density values defining
this model atmosphere are entered into Subroutine ALPHA in the form of Fortran DATA
statements {arrays P, TT, and RR), thus ohviating any necessity of readimg them in from
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a separate deck of data cards each time the program is run. The set of A6 oxypen reso- -
nance frequencies is similarly entered via DATA statements; tnese frequencies are separated
into two arrays, FTRP and FTRM, corresponding to two classes of quunLum-mvvh;umrul

state transitions of the oxygen maolecule, The details of the caleulations are deseribed by
Mecks and Lilley (13); their formulations of the cxypen absorption equations were employed.
(The frequencies FTRP correspond to their symbol vy, and FTRM corresponds Lo iy )

The only deviation from the Mecks and Lilley calculations was the use of a slightly
different dependence of line width on altitude.  The model of Reber, Mitchell, and
Carter {14) was uscd for this part of the caleulation.

Subroutine ATLOSS (FMHZ, ELEV, ATMD)

The input parameters arc FMHZ, frequency in megahertz, and ELEV, clevation angle
in degrees. The output parameter ATMP is the tropospheric noise temperature computed
for the specified {requency and elevation angle. Another output, transmitted via COMMON
block RGA, is an array of absorption values named ATTN (decibels) corresponding to a
set of range values along the ray path at angle ELEV, corresponding Lo the altitude values
of Subroutine ALPHA. The corresponding array of range values RG is similarly transmitted

as output.

Subroutine ALPHA is called by Subroutine ATLOSS, and the resulting array of 75
values of absorption cocfficients ALPH(J,75). J =3, is used Lo caleutate cumulative
absorption along the ray path at angle ELEV. The ray path in the refracting atmosphere
is computed by numerical-integration ray tracing, from the formula (15}

by
R(hy) = j (3—,’%%/: (4)
0
in which
dR _ n{h) ) (5)
e — s ——— I

d ‘[ _'[‘;1;”1-5‘5 .

n (1-hyr,)
Here 1t is the radar range corresponding to height hy as measured along the ray path of
the initial clevation angle 4, n(hy is the refractive index height profile, n,, is the vatue of
nat h = 0, and r,, is the radius of the earth fmore specifically, it is the distance from the
carth’s center to the initial point of the ray).

The attenuation is then computed along this ray path by numerically integrating

the cquation

Iy

ARy = 2 j

9

ds
Y (M - Zh -dh, (6)
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in which Ry = R{h), and y(I1) is the absorption coeflicient at height I, as given by the
array ALPH (J, 75), J = 3. ‘The derivative dsjdh is equal to [1/n(hY} - dR[di; that is,
R is the radar range measured alony the ray path, and s is the geometne distance along
the same path. The derivatives ds/dh and dR}dh are computed in a short subroutine
named DDH(!), in which the single parameter is the height F. The derivatives are named
DSDH and DRDH and are transmitted to Subroutine ATLOSS via a COMMON block
named DRS.

The refractive index model used is given by (2)
a(h) =1+ 0.000313 ¢ KA (7)

where k= 4,3848 ¥ 1079 il h is in fect. The carth's radius is assumed to be 6370 km, or
2.0899 x 107 ft.

A special technique is used to perform the integrations in the vicinity of i = 0 for
the special case 0, = 0, because in that case dR/dh and ds/dh both become infinite. This
technique was deseribed by the author in a paper published in 1968 (15).

The tropospheric noise temperature Ty oy (Fortran name ATMP) is computed by
numerical integration of the equation

oo R
Ty = 0.2303 S 1(R) Ty(R) exp |—0.2303 f () dr | dR, (8)
o _ o

where dR is taken along the ray path, 7T, is the thermal temperature of the tropospheres
its values are transmitted to Subroutine ATLOSS from ALPHA via COMMON block TMP.

The previously described modification of Simpson's rule cannot be used to perform
this integration because it is an integration with respect to R (range) rather than h (height).
The h intervals, as described in the section on Subroutine ALPHA, are uniform (over cach
of the four height regions); however, the corresponding R intervals are not uniform.
Another special modification of Simpson’s rule was devised to handle this problem: it is
embodied in Subroutine INTGR'T, which is called by ATLOSS to perform the numerival
integration of Eq. (8). Further details of the absorption and noise temperature calcula-
tions will be given in a report to be written in the near future, in which curves for absorp-
tion and noise temperature as functions of frequency and elevation angle will be presented.

Subroutine TEMP (FMHZ, ELEV, K, ANF, ALA, ALR, ATMP,
TA, TR, TE, TEl, TSYS)

The input parameters FMHZ, ELEV, and ATMP are the same as those of Subroutine
ATLOSS. The cther input parameters are
K — galactic noise code (—1, 0, +1)
ANF —— receiver noise factor NT, dB
ALA -- antenna loss fator L, 1B

ALR — receiving line loss factor L. dB.

GITIISSYTOND
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The output parameters are

TA — antenna noise temperature T, kelvins
TR — receiving-transmission-line noise temperature T,
TE — receiver noise temperature T,
TEI — product of T, and L,
TSYS — system noise temperature T,.
The antenna noise temperature is computed by use of equations given in NRL Report

6930, p. 49, and Report 7010, pp. 40 through 44 (1). The sky temperature, named TAlL,
is first computed from the equation

Tsky = (Tgal + Tbb)/Lalm + Ta(sun) +* Tyim 9)

in which T, is the galactic noise temperature, Ty is the cosmic blackbody temperature
(2.7 K), Ly is the atmospheric loss factor (expressed as a power ratio = 1), Tg(sun) is
the solar contribution to the antenna temperature (assuming that the sun is in an average-
level sidelobe of the antenna pattern), and Tyym is the atmospheric noise temperature
(ATMP, obtained from Subroutine ATLOSS). Tre galactic temperature is given by

Tea1 = T100 * (100/ M, )25, (10)

The quantity T;qq is the galactic temperature at the frequency fpy., = 100 MHz. Its
numerical value depends on the galactic noise code K according to the following prescr

K T100 (kelvins)

-1 500
0 3050
+1 18,650

The solar contribution to antenna temperature Ty (sun is obtained from a table of
values of the solar noise temperature Ty, entered via a DATA statement; the table corresponds
to frequencies in the range 100 Mliz to 10 Gilz, and the values are taken from Fig, 6 of
Report 7010, p. 43 (1). At frequencies between the tabulated values, Tgun 18 found by
linear interpolation. Above 10 GHz, Tsyun is assumed to have the constant value 10,000
kelvins. The solar temperature Tsyn is related to Ta(sun) by the equation

T, X 475X 10753/ Ly - (1

a(sun) = Tsun
The numerical factor takes into account the asswined unity-gain average sidelohe lovel, the
ratio of the sun’s noise diameter to the total solid angle (47 steradians) viewed by the antenna
including its side and back lobes, and the assumption that the sun is on the average ten times
noisier than indicated by the referenced curve, which portrays the “quict sun.” Then, Tg(sun)
is decreased by a factor of 10 if K =—1 and increased by 10 if K = +1, where K is the galactic

{and solar) noise code.

iption.
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The resdting value of sky temperature TAl is muitiplied by 0.876 to take into account
the fraction of the total antenna puttern subtended by the sky, and to this is added the
contribution due to antenna-loss noise, in accordance with Eq. (37) of NRL Report 6930.

The transmission line and receiver noise temperatires T, and T, are computed in
accordance with Egs. (40) and (41) of NRL Report 6930, p. 50, and combiner to give
the system noise temperature by the equation

T, =T

s Q + Tr + Lr T(" (12)
where L, 13 the receiving iine loss factor. The product L, T, is also reported to Subroutine
RANGE as the pzrameter TEl, and is printed as an intermediate output of the program
along with T, T, T, and T,

i

Subroutine PDSN (PDT, PFA, NPULS, KASE, SDB)

The purpose of this subroutine is to find the signal-to-noise ratio required fur detection
SDB, for the specified probability of detection PDT, false-alarm probability PFA (expressed
as a positive number representing the negative p.wer of ten), number of pulses integrated
NPULS, and Swerling fluctuation case, KASE. Subroutine PDSN does not perform the
caiculation; it mevely manages it by calling other subroutines. The actual calculation
requires an iteration, which it performed by Subroutine INVERS, called by PDSN. Before
calling INVERS, PDSN estimates a range of decibel values (lower value DB1, upper value
DB2) likely to cnontain the true value SDB. An empirical formula is used 1or this purpose.
This procedure minimizes the number of iterations required. Subroutinc PDSN is called
from Subroutine RANGE, and the resultant value of SDD s used as a factor in the range
caleulation. When the “case” parameter of Gubroutine RANGE is 6 or 7 (Col. 74 of
the data card), PDSN is not called, since the signal-to-noise ratio is then a dircct. input
and need not be calculated.

Subroutine INVERS (XMIN, XMAX, XL@, XHI, NSIG, LIM,
NOI, X, ¥, FT, F)

This subroutine performs an iteration to dotermine the value of the argument X of
a function F(X) which will, within a specified accuracy, cause F(X) to equal FT, a specified
value of the function. The accuracy parameter is NSIG — the number of significant figures
to which agreement is desired between F(X) and FT. LIM specifies a limit on the number
of iterations permitted, and NGO (output parameter) reports the number of iterations
actually performed. F1 is the actual final value of F. It is required that F bhe a monotonic
function of X within the permissible range of variation of X, which is from XMIN to
XMAX, and that the value FT exists within this range. The input parameters X1Q and
X111 define a region in which it is guessed that the desired value of X will be found. I
no knowledge exists by which Lo cstimate this region, XLO and XHI can be set cqual to
XMIN and XMAX; however, the more narrowly the region is defined, the fewer will be
the iterations required.

If the slope dF/AN becomes nearly zero in some part of the range from XMIN to
XMAX, and if this region is contained between XLO and XIHI, the iteration will converge
very slowly, or coaceivably not at Al L is for this reason, as mentioned carlier, that




NRL RECORT 7448 ' 23

values of probability of detection greater than 0.99 should net be specified. Fvidently
Subroutine MARSWR, which is involved in the iteration, does not define well the slope
of the “function” in this region.

Function PD (SNDB)

In order to define a function on which INVERS can operate, the Fortran FUNCTION
PD is used, with signal-to-noise ratio (dB) as the argument SNDB. This function merely
calls Subroutine MARSWR, which calculates the probability of detection.

Subroutine MARSWR (SNDB, N, FA, KASE, PN)

As has been discussed, this subroutine is basically the subroutine of Fehiner (6) which
he named MARCUM. it was renamed MARSWR after a few changes in it were made to
adapt it to the requirements of Program RGCALC. The input parameters are SNDB,
the signal-to-noise ratio in decibels; N, the number of pulses integrated; FA, the false-alarm
exponent; and KASE, the Swerling fluctuation casc.

As has been mentioned, Fehlner’s original subroutine calculates the probability of
detection PN for a specified value of Marcum'’s false-alarm number ratier than on the
basis of false-alarm probability. The power-of-ten exponent of the falsc-alarm number is
named FAN in the subroutine. The relation between FAN and the false-alarm probability
P,‘ is

a

10?;(. 0.5
= b4 T (1 —P ' 13
FAN = lof g l:]og(.(l —Pry) -

This relationship is used in Subroutine MARSWR to convert the input parameter
FA to the internal parameter FAN.

In using Subroutine MARCUM, it was found that an appreciable portion of the
computing time is spent in computing the bias level YB. If succesive calls to MARCUM
are made with the same values of N and FA (but with different values of SNDB and KASE),
it is not necessary to repeat the bias-level caleulation. Therefore a provision for omitling
that part of the calculation, when successive calls to MARSWR are made with the same
values of N and FA, has been added to the subroutine. '

Functions named DGAM, DEVAL, GAM, and SUMLOG are part of the MARCUM
subroutine, which was originally written in Fortron 11 for use with an IBM computer.
These functions are also incorporated into MARSWR. The only changes made in them
were those necessary to adapt them for use en the NRL CDC-3800 computer. (Gome of
these adapting changes were made by Stanley Gontarek, of the Naval Air Systems
Command.) A further slight change was made in Function SUMLOG; the array named
A therein was given a dimension 1000 rather than 200 as in the original MARCUM sub-
routine. This increased dimensioning saves computing time if successive ealls to SUMLOG
are made with values of N greater than 200.

qIrIrssyIdNg
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FORTRAN PROGRAM LISTING

The Fortran program, subroutines, and functions are listed on the following payes.

The names of the listed routines and their computer lengths (number of locations required)

are as follows:

Name

Program RGCALC
Subroutine RANGE
Subroutine TEMP
Subroutine ATLOSS
Subroutine DDH
Subrottine ALPITA
Subroutine INTGRT
Subroutine ITERAT
Subroutine PDSN
Function PD
Subroutine INVERS
Subroutine MARSWR
Function DGAM
Function DEVAL
Function GAM
" Function EVAL
Function SUMLOG

Totals

Locations Required

Octal

2382
2030
362
156
112
520
211
220
230
63
714
3123
216
106
206
111
4203

16525

Decimal

154
1048
242
494
74
336
137
144
152
51
460
1619
142
70
134
73
2179

7509
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nes2n/72

SURRLYTINE RANGt(Prnu,YAuHs,GTDB.GRDH,SIGS~.FHH1.ALAﬂB.ALRFB:
1 ALTUB,ALPDR,ALXDQ,CdﬁB.ANFOH,N”ULS,pU,pr‘,KASE.ELEVA”GYSC)
COMMON/RGAZ RGI(75), ATYIN(3,79)
1V (XASE ,EQ, 5) 10,11
10 IKASE = 0
GO 19 12
11 IKASE = KASE
12 CALL 1enp(rmuz.ELev,N@15E.ANFD“.ALADBaALRCP:‘T"P»Y‘:YRvTFn’El-
1 1SYS)
1F (XASE ,GE, 6) 60,61
60 SNDB=PD
GO TR 62
61 CALL PRSN(PD, PFA,NPULS, IKASE,SNDA)
67 ncua-Grouocnua.ce'ﬁa-AUDB—ALPOB-ALXUB-SNDp
FAC21Q,ee(FACDRs, 1)
RNGQ:129,2-(FTKHoTAUMS-S]GSHOFAC/ (FMHZeFMHZoTSYS))ne 25

ANGAZRNGO
CALL |TERAT(ANGA,ATT)
PRINT 1

PARINT 100, PTKW
PRINT 101, TAUMS
PRINT 102, GYDR
PRINT 103, GRDB
PRINT 104, FMHZ
PRINT 105, ANFDB
PRINT 106, CARDR
PRINT 408, ALADB
PRINY 109, ALTDB
PRINTY 110, ALRDB
PRINTY 111, ALPDB
PRINT 112 ALXDB
1F (KASE ,GE, &) 63,64
¢3 PRINT 117, SNDB
[F (KASE ,EO0, 7) PRINT 117, PFi
G@ T 65
64 PRINT 107, NPUYLS
PRINT 113, PO
PRINT 114, PFA
6% PRINT 115, SIGSM
PRINT 116, ELEV
1F (NGISE) 50,51,52
5 PRINT 55
GO 19 353
51 PRINT 56
GO 10 53
52 PRINT 57
53 PRINT 58
PRINT &0
PRINT 2
PRINT 120
PRINT 121, YA
PRINT 122, 'R
PRINTY 123, TE
PRINT 1123, TE!
PRINT 124, TYSYS
PRINT 12%; ATIN(3,75)

J1SSYTINN
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08/12/72

PROGRAM RGCALC

DIMENSION NAME (10)

READ 3+ NAME

1F (EOF,60) 10411

STOP

PRINT 22

FORMAT (15X v #RADAR NAME OR DESCRIPTION - #/)

PRINT 30+ NAME

READ 4 PToTAU.GTuGRnSIGoFMuﬂLAoALR.ALT.ALPoALXoCB.ANF.NP.PD.
FAKAPELINS

caLL RANGE(PToTAUoGToGR-SIG-FHOALAOALRoALToALP'AvaCBcANFvNP-PDv
FAsKALELINS)

PRINT B

60 TC 2

FOQMAT (6Xy14)

FrAMAT(10A8)

FORMAT (10X910A8//}

FOQMAT(2F6.0|2Fl.002F6.007F‘-0vIsozF‘.OOIl17490.12)

FORMAT{1H1) .

FND

SYTONN

(]
Bt

£

L]
7
oo}




66

170

174
67

€0

do
1

100
104
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117

55

58

57

58

én

1¢0
11
1¢2
13
11¢3
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1F (XASE ,GE, &) 66,8/
PRINT 166 ,RNGA,ATY
PRINT 167, SNDB

IF (KASE (EQ, 7) 170,
SNDBL = PFA

DIFF s SNODBeSNDBY

RNG] ® RNGOe10.pe(DJFFe,025)
CALL JTERAT(RNG],ATT)

PRINT 166, RNG!, ATY

PRINT 167, SnDBjy

RETYRN
PRINT
PRINT
PRINTY
PRINT 153

PRINT $4,]KASE,SNDB,ATY,RNGA

IF (KASE ,EG, 5) 20,21

PG 30 1z1,4

CALL PDSN(PD,PFA,NPULS,I1,SNDBL)

DIFFaSNDRaSNDBY

FACs10,¢¢(D[FFe, 025)

RNGasRNGOSFAL

CALL [TERAT(RNG],aTT)

PRINT ¢4, 1,SNDB{,AYT,RANG]

CONTINUE

RETYURN

FORMAT (A5X#RADAR AND YARGET PARLHFTFRS (INPUTS)
FORMAT(15X*PULSE POWER, KW yuvirenngorones
FORMAT(15XePULSE LENGTH, MICROSEC ,,.....
FORMAT(1SXeYRANSM]T ANTENNA GAIN, DB
FORMAT(15XeRECEJVE ANTENNA GRIN, [R ,
F(-)RHAT(15XOI’PEOUENCY, MHY R R ..
FORMAT(15X*RECEIVER KNUISE FACT®K (VIGUHE), pe ..
FORMAT(1S5XeBANDWIDTH CARRECYION FACTOR, DB ,,...
FURMAT (15X eNUMBER AF PULSES !N*EGRATED .
FORMAT(15XsANTENNA BWMMIC LRSS, DB I AP
FORMAT(15X*TRANSH]T TRANSMISSIAN (INE LOSS, CH .
FORMAT(1BXeRECE|VE TYRANSMISSION LINE (0SS, CH ,
FERMAT(15XeSCANNINGeANTENNA PATYTERN LBSS, DB ..,
FORMAYT(1SXeMISCELLANFOUS LASS, DA vy yuinnn.
FERMAT(15XxePREBARILITY OF DETECTION L'y uvvrsrs
FORMAT(15XeFALSE=ALARM PRBRARILITY, NEGATIVE PRWFR
FORMAT(15XeTARGET CROSS SECY[ON, SQUARF METERS TR
FORMAT(1SXeTARGEY ELFVAT]ON ANJLE, DEGREFS ,,...
FGRM"'(15X|'SIGNAL'TG‘VOXSE RAT[%, DB R B A BTN B R B
FORMAT(15SXeMINIMUM SGLAR AND GALACT]C NUISE ASSUMEDS)
FGRAMAT (15XeAVERAGE SELAR AND GALACTY]C NOISF ASSUMERe)
FORMAT (15X*MAXIMUM SMULAR AND GALACTYIC NPISFE ASSUMEDe)
FORMAY(15XePATTERN-PRYPAGAT]ON FACTORS ASSUMED = 1,e)
FORMAY (/22X ,35Haeeraerecensrscsassovrscvosatcotsacese /)
FORMATU15XeCALCULATED QUANTITIES [QUTPUTS) -w»es)
FOPMAT(15XeNI1SE TEMPERATURES, DEGQEES KELVIN -- o)
FORMAT (15X CANTENNA (TA) ..., e0... ' Ceaae
FORMAT( 15X RECEIVING TRANSMISSIAN LINF (1P
FERMAT (15X RECET VER (TE) |l'|-:.--,...---v-n
FURMAY (15X TE X LINEFaLOSS FACYON = YEI

371

150
151
152

cee/

¢
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.
t
v ey
]

"
e
L}
b
te
LI}
"
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)
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.
|l
'
t
[l
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.
.
[
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.
.
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)

.
.
.
.
.
]
.
.
.
0
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TER

’

8Pl )
% FLl L 4)

-vv'lr11|1)
R 2SR

»l.lrlill)
e fLe, )
vt FlL, 1)
||.I6XIX5)

'lrli.i)

oeteF1L o)

Fle
e i, 0

-..‘ Fit.1)

F1e,. )
°.'11 1)
.F11.4)

l..-,F11.2)

ceeeoFis, )

o F11, 1)
*,F11,1)

et fl1, )

«,F11,1)
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124 FECRMAT({15X= SYSTFM (ThA o TR ¢ TED) ,,0rcceersrsrrers®eFit, 1)
1¢% FERMAT(15XxeTwg~wAY ATTENUAT|AN THRQUGH ENYIRE THORRSPHERF, DA s,
1 F7.177)

190 FGRMAT(15Xxe SWERLING STGUNAL . TREPESPHER]C RANGE , »)
151 FORMAT(15%e FLUCTLATIUN TReNOISE ATYENUATION, NAUTICALS)
152 FERMAT(15Xe CASE RATIV, DB DECIBELS MILESe)
153 FURMAT(15Xe --=-z----- mememeoze- S e e /)

14 FORMAT(20X,11,9%X,F6,2, 9%:Fb,2,5%,F8,17)

166 FORMATY({/19XeRANGE = e,FB8,1,¢ N, M[,;, TYROPOSPHERIC ATYTENUATIMAN =z «
1 Fo,2,0 DAe/)

467 FORMAT(15X,eFOR SPECIFIED S|GNAL-TONGISE RATIO © o, F6,2,¢ DBey/)
END

[}
[}
e

o
e
f—
ey
o
[l
:::\
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SUBROUTINE TEMP (FHHZ:ELEV.K.ANF:‘LA,ALR.AYNP,YA,TR,YE,YEI.TSYS)

PARAMETER K DETEAMINES WWMAT NBISE CONDITIONS ARE ASSUMFED, Kaui |S

FER QUIET 'SUN AND LOWEST GALACTIC NBISE (WIGH GAIN ANTENNA LBOK NG

IN DIRECTION BF GALACTIC PBLE), Ks0 15 F@R AVERAGE GALACT]C NGISE

(GEQMETRIC MEAN 8F LBWEST iND W]QHESY TEMPERATURESY, AND SUN NM]SE

TEN TIMES THE OUIET LEVEL, Ks{ IS FOR MAXIMUM GALACY]C NplsE

(GALACTIC CENTER, NARKOW BEAM} AND SUN NOJSE 100 TIMES QUJIET LEVEL,

DIMENSION T100(3)

COMMON/RGA/ RG(75), ATYN(3,7%)

DIMENSION FR{8),75(8) _

DATA(FR=100.:200o:300ot400-1500-:1000;:3000.010000.).(75'1.156:
1.JEb,1.556:1.IEb.1.056,2,0Eb}3.0€4,1.154)

DATA (T100 ® 500,,30%0,,18650,)

DATA (TBLKBYsz,7)

DAYA (FLAST®0,),(ELASTE100,)

IF (FMHZ,EQ,FLAST ,AND; ELEV,EQ,ELAST) GO To 50

FLAST3FMH?

ELASTSELEY

CALL ATLOSS(FMHZ,ELEV,ATHP)

DO 10 I=2,8

TF (FMHZ-FR(13)20,3p0,10

Jzled

TSUN # (FMHZ-FR(J))e (TS(])e¥S(y})/ (FRCI)eFR(J)Y & TS(J)

GE 10 4p

TSUN = TS(1)

GO 10 4p

CONTINUE

TSUN=1.0E4

ATT210,0a(«ATTN(3,75)e,05)

TASUNS4  70ErSeTSUNO (1y,2eK) o ATY

YA1-(7100(Ktz)°(100./FMHz)qcz.So?BLKBY)oATYoYASUN-ATMP

ALAAZ10,00(chlAs, 1)

TAz ((B760TAY « 254, yedLAA o 290,

ALRRe10,e0(ALRe, 1}

TR=(ALRR1,)929p,

ANFF210,#8(ANFo 1)

TE={ANFF-1,10290,

TElsTE@ALRR

TSYS & TA ¢ TR s YF|

END
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SUBROUTINE ATLBSS(FMRZ,ELEVATMP)

COMMON /PTR/ PP(75)3, TY(75), RR(TI5),ALPH(J,75)
CUMMON/RGA/ RG(7S8),ATTN(3,75)

DIMENS]IBN 164(4), DELH(4)

CGMMON /RRG/REF(p,RAD,GRAD,U

COMMON/DRS/ DSDH3I;DROHS AN
DAYA(RG(1)IO.).(ATTN(lol)‘O.)u(ATTN(Zui)'Q.)-(ATYN(Sylilﬂ.)
DAYA IREng,000313).(RA0120898950.13)|(GRAD=.00004385)
DATACFLASY=Q, ), (ELAST=100,),{CONSTE,2302585)
DATA (166¥10,14,40,3),(DELHEL00,,2000;,2000,,5000,)
ATT1(YY)IFAC2ﬁ(1.25-Y1'2.‘Y2-.25'YY)
ATY2(YY)=FAG2e(n,250Y162,0Y241,250YY)
RG1{DR)=FAC{e(1,259DRDH14¢,sDRDKH2=,250DR)
RG2(DR)=FACY e {= 259 DRUHL{+2,9DRDH2¢4,25e[DR)
It (FHHZ.EO.FLASY,AND.FLEV.EQ,ELASY) RETURN
ELASY = ELEY

1S1G=}

THETASELEY/57,2957795

SNeSIN(THETA)

CSzCBS(THETA)

SS=SNaSN

RP1is1,eREFQ

Us{RPieSN)es2 « 2 ,eREFN « REFOSREFD

b (FMHZ,EQ, FLAST) GO TO 55

CALL ALPHA(FMHZ)

FLASTEFMHZ

H=0,

RNG=°|

ATTENLSATYEN2:0,

Kswl

HMIN =0,

1F (ELEV,EQ,0,) HMINELl,E~9

CALL DDH(KMIN)

DROH18DROKY

DSOH1§DSIKHI

ANLmAN

TPLaALPH{3,3)eTT (1)

YEHMP & 0,

YisALPH(1,1)«DSDN]}

YitisYy

Y12sALPH(2,5)eDSDHL

DB 6p J=1,4

FAC1=DELH{J)/(3,06076.1155)

FAC2:2,FACY

1MAXe 166(J)

DB 61 1=1,IMax

KzKa2

HeHeDELH ()

HlaH

CALL DDH(N)

DRDH2=DRDHI

DSDH2sDSDN3

ANZ=AN

H=H4DELH(Y)

CALL DDH(W)

Y2:ALPH(1,Ke1)oDSOHZ

QITITSSYTIAND
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Y2ieYd

Y2254 PH({2,Ke1)}eDSNH?

vazALbH(i,K.z,.DSDHS

YI22ALPH(2,Ke2)9DSNHS

ANI AN )
1F (ELEY ,LY, &, (AND, H ,L7, 201, 5, 6
CCsCSeCSe{1,/RAD-REFO2QRAD/RPL)
CC1x1,/(CC*6076,1155)

PROD=2,¢CCoH1

FELLOWING 1S APPREX[MATION REQUIRED NEAR TWETA=Q AND Hz{ FAR RANGE
CALCULATIGN, RANGE 15 CALCULAYTED THUS FBR H = 100 AND M= 200 WHEN
ELEVATION ANGLE 1S LESS THAN 1 DEGREE,
ANG2zCCLePROD/(SQRTF (PHODeSS) «SN)

DSt =RNG

APPROXIMATE ATTENUATIUN 1S RANGE (TWE-WAY) TIMES AVERAGE VALUE OF
GAMMA IN THE RANGE INTERVAL,
ATTENLSRNGe(ALPH(1,1) o ALPHI1,2))
ATTENZSRNGe(ALPKH(IZ2,1) ¢ ALPH(2,2))

RADAR RANGE 1S GEEMETRIC RANGE TIMES AVERAGE REFRACTIVF INDEX,
ANGIRNGe (RFL « &, ¢ REFQWEXP(*GRADONL)) o 5
1S1G=2

GG Y0 7

DS=RG1{DRDHI)

RNG=RANG+DS

DStz DS/((ANL+AN2)e,5)
ATTENLSATTENLATTL(YT)

ylayig

Y2rvY2e

ATTENZEATYEND ¢ ATTL(Y32)

RG(Ke3)=RNG

ATTN(L,Kel)s ATTEN]

ATIN(Q XKL IBATTEN2

ATTIN(S Koy )8ATTENY & ATTEN?

GO 1O (10,11) ISIG

PRED=Z2 ,oCCoH
RNGECCLePROD/(SQRTF(PRADeSS) ¢SN)

DS2sRNG-DSY

ATTENLORNGY {ALPH{L,1)  ALPH{1,3)}
ATTENYSRNGO(ALPHIZ, 1) o ALPHLIZ, 3N

ANGXRNGe (RPL & {, o REFQeEXP (wGRADsK )) o 5
1S1G=y

Gy Yo 12

DS=RGR2({DROHI)

RNG=RNG+DS

DS2xDS/( (ANQeANI)s , 5)

Yisvyil

Y21:Y2}

ATTENLSs ATTENL & ATT2(Y3)

Yleyi2

Y2xY22

ATTENZ® ATTENZ & ATY2(VY32)

RG(Ke2)=ANG

ATIN(L ) Ke2)SATTENL

ATTIN(Q,K+2)EATTENZ

ATTN(I, Kc2)SATTENY o ATTEN2
ALGSS!lD"‘(’ATYN(SIK‘2>'|05)

SSYTINN

ot

E|

]

©orm
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TPS:ALPH(5,K~2)~YT(K-£)-AL®SS

DSy £ (RG(Kei)wRG(M))/{(ANL#ANZ) &S]}

pS?2 « (RG(Kt?)-RG(K.i))/((AN?¢AN3)~,5)

1F (K,EQ.L) 70,74

APPROXIMATION EMPLOYEU [N PLACE 9F FIRST [NTEGRATIAN STEP,

1F1ED 10 GIVE VALID RESULTS IN HIGHeATTENDATIGN CASES, ANBLYTIC

APPROXIMATION STARYS AT STATEMENT 70,

CEXz0,5+CENST (ALPH(3,1)«ALPH(3,2)

CEY=z0,5¢CONSTo (ALPHR{T,2)¢ALPHI3, I

ALOSYSEXPF (#CEXeDSYH)

ALOS2uEXPF (~CEYSDSY)

ALOSIsEXPF({aCEYs(DS1sUS2))

DTEMP!(o.ﬁ/CGNSY)'((YT(1)'TT(2))'(1.-AL051) o (TT(2)aTT(I)})e(ALOS2
~ALBS3))

6o 18 72

ALOSSE10, 99 (-ATTN(3,K+1)w,05)

TP2zALPH{J Ke1)oTT(Kel)salLOSS

CALL INTGRT(DSi,DSZ.TP;,T92,7P3,DYEHP)

TEMP u TEMPe¢DTEMP

DRDK1¥DRDKI

TPy = TP3

YleYilsY3

Y12sY92

ANy = AN3

CONTINUE

CONT INUE

ATMPeYEMPRCONSY

END

N1

<2

¥l

L el
Lol

a3ariI
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SUBROUTINE DDH(M)

CYUMMON /RRG/REF(Q,RAD,GRADU
COMMON/DRS/ DSDK3,DRDHI, AN
EXzREFOEXP(«GRAD#H)

ANsy, ¢EX

VEEX9(2,4EX)

WleK/RAD

WaMie(2,eni)

DSDHIxANe!1 «W1)/SORTH (UsVeraVan)
DRDM3IsANSDSDKS

END

ng/20/72

33

(EREREYRARIT




34 L. V. BLAKE
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SUBRELTINE ALPHAIFFKZ)

CENMEN /PTE/ PP(T75), TTU25), RR(TI5Y,ALFA(S,75)

CEMMEN /H2Q/RMEFAC

CIMENSIAN FTIRF(23),FTRM(24),NELFI4), IMAX(4)

CATA(CELHEI0D,,1700,,2000,,5000, ) (1 AX=21,28,20,6)

TATACAL2:, 11, LAL32 27),(F2=26000,),(H2E532000, 5, (PURE,5)

FTATA(CSTH2Ez 4,698 B2}, (FRY2M=22¢,235), (UFLZEPP=17.99)

CATA(LGNST=J.714“),(C@A572=c.2°é"5).(CV?=.750064).lSMxI=.20846>

FAYAtiYQP:55,264“-58.4466,59.591":60.434R,61.1506.61.6009162.4112,
162,99E0,68,9FE5,64,1272,64,6779,65,2240,45,7626,66,2978,66,6313,
267,3627)67,8023,66‘4205.60,9479,#9,4741,70,0000,70,5?49,71,0497)

rArA(sYun::1P,75o>,b;,48#3,6n,30A1,5°.1542,5R_3239,57,6195,56,9u52
1,56.5634.55,7c39.55.2214,54,h798.54,1294,53,5969,53.n6°5.5?,54%3.
252,0259,51,5291,50,9545,50,4530,45,9730,49,444R, 45,9587 ,48,453n)

CATA (PPs=
11.01325F‘én1.009595°3,1.00595E~3-1.0“231&63,9.°868°E‘2-9.95076F*?.
19.91473E‘?.U.578?UE'2.C.E499°E‘2:9.b0728k*?.°.77167E‘2:9.71617F'2:
19,70377Ev2,9,66546Ea2,C.63n20E02,9,5°b?;F+?,9,56025&02,9,57536F¢2,
19,4905“E02.9,455915‘?.9.421JRE¢2.9.09130F0?,9,75]29E¢2,E.43109f*2.
1F,12047&*2,7.&]921F¢2,7,5271HE¢2,7.24391F¢?,h|96943&¢2.6.7ﬂ347F¢9,
16,44581E42,b,1°6?3F‘2,5.954596*2.5.7?055F4?,5.49427E‘Z.5.27513“?:
1F,n6319E02.4,658?dFv2.4,60003Eo2,4,dﬁo45F+2,4,?8354F¢2,4,1ﬂ449r~?,
13,03175E02.3,76497Foz,?.éo?qﬂb¢2,3,44562602,3.?9R74E¢2.$,1§4?0F~2.
13,01454to2.2,7%11UF'E.?.50441t‘e,z,27969F«2,?.o714“&02.1,882305~2,
11.71043F¢2,1,55476E‘?,1,419412~2-1.2P652Fo?,1,16641E62.1.06000r69.
19,63319E¢1.H,75472Fo1,7,°565ﬁﬁ¢1.7,2111?F01,6,57?1?E¢1,b,973?3F41,
15,429015‘1,4.93447E.1,4,4850A&¢1,3,53282;.1,2.75107E¢1,2,10471&.1,
11,73765k+1,1,3927UF+1,1,10533E+1)

CATa (T7T=
1?.881bﬂ&*?.2.e7952F«;.?,877c4&~z.z.a7bbbE¢?,?.h73hﬂL¢2.2.&7159r<9.
1?.56971E‘2:?.&67755‘2n2-96q795‘2n2.8’57/F’2o?.3617°E'2:2.559a1‘*?.
17.857E3&*?.3,b55":r~z.;,Pbi&?E*z.2.651FBF02.?.HaOOUEoz-2.847°2F°2.
1?.“4594E02.2.64J96E‘7,2.“419“502.2.39217F¢?.7,ﬂ0?575'2,2,79256F‘?,
1?.7h?/ﬂE‘2.2.742°6F‘F.?.7211‘&42.2.70537E‘?,7.68357E02,2,6ﬂ57ﬂfo>.
1?.64399E62;2.é?4?UE02,?.604d?E¢2.2,5“463F‘?,?,56485Eog,2,54507:o9,
17.5252°F02.2.505‘1F~2.7,40974502,2.4ﬂb°7F~?,?.4462UE‘2.2.4?643Fo7.
12,406¢64AE+2,2 3R6PYEeZ,7,36713E+2, W 34737542,2 ,32761F+2,2,30735C42,
17 ,28R09E+2,2,c46590+2,7,2070%k+2, (10F60F42, 0 T6C6LER,2,15660F4+2,
1?.1666”E'2n2.166‘UF‘?.;.10#6"&*2'2.1‘660FO?,?.16600E'2,2.1‘660r‘2.
17.166€0L‘2'?,15660F‘2,7.16‘0":‘2«2,1‘650F*?.?,16ﬁ6ﬁEb2,2‘156t0r¢2,
1?.16664E°2.P.16660Eo2.?.16*6”E¢2.2.1‘66CF‘?,?.J66ﬁOE‘2.2,1°069¢¢2.
12,23602842,2,¢P134F«2,2,30h84E 47

TATA(RHZ 7, 50000F 3, 7,485848 r, 7,37179¢ Ny 7,407798 n,

Y AL

1 7,243R7E g, 7,14024E 0, 7,11¢3CF 0, 7,95767F y, 6.,9RG15¢ g,
1 €,92575F 0, €,762¢7E D, €,7993%3F 0, K,73AF3E 0, &.6734/T 0,
1 €,61077L 0, €,54P2ZF n, &,4RSHEE g, £,42364F D, 5,34A1427 g,
1 6,29976L 0, 4,23P14c N, 5,633%EF 0, 5,05440F g, 4,57515F 3,
1 3.986%6F 0, 2,5%G702E ©, 3,04¢74F 0, 2,62039F o, 2,200 o,
1.1,96459F 0, 1,41S71E 0, 1,390%°2+ 0, {,1812% T, 1,01691F g,
1 B,64635c «1, 7, 36447E -1, €,2917¢F -3, 5,34311F -1, <,501n50 _q,
1 3,83598F o1, 3,22P24( -1, 2,7574¢F -1, 2,31436E -1, .,51737C0 -3,
1 1,5%€6323E -1, 1,°8€¢97%¢ -1, CLA8502F 2, 7,08n4uE <2, 9,335 .2,
1 &,8FAa49F <2, 1,70270E -2, 1,0%S71F -2, 4,45199F .3, 4,012848 o8,
1 2,3H249F .3, 1,4667cE -7, 1,092%5% .3, 9,N2797¢ -4, E,4n642¢ .4,
1 7,9107RF .a, 7,1448008 -4, ¢ ITEGEE .4, 5, 79965 -4, 9 .51107F -4,

QITATSSYTIND
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1 5,44362F -4, 5,%0P5%E -4, Y s4aprac -4, 5,87970%¢ -4, 6,21432F -4,
1 7,06726E -4, P,I13642E -4, ¥,09155F -4, 7,32974 -4, 5.651n2F -4,
1 4.4024F -q)

CATALRHAFAC=Y )

FGHZzF'HZe] £

FGHZ2=FGHZeFGhY

FRATICSFGH2/FRHZA

fSUMZ:(FGH?oFRP2°)0°2

rclr2x<ruH2-rRu29)--2

I=n

"‘3‘1001

T€ 100 u=1.,4

IMzpraX(y)

TE 100 x=1,]v

121t

KE EIR(]) o RK"taC

PPWzRE -TT(I)/?UP.7b

PRPP (L) + PPn/CVP

TSQ:TT(I)'OZ

FIHeNELHIY)

IF ("‘lLEaHl) ‘.U'll

AL 12,44

GE TG 15

IF (K ,GY, n2) 124138

AL1z1,3%7

GE Y6 1%

13,04 .71701N-P1)/5400n.

LAL1:CﬂNST;cAL1-DH¢1)/TT(])

RSALTRALLwkal]

FO=HAL1/($CH72¢H=A1)

QLH:O'

TE€ 50 Mz1,23

Ah:z.cﬂ:l.

EA13ANq,

Lh“?IAH'(Z.OANOJ‘)/Akl

lh”2=A11'(?.'A*-1.)/Ah
Lhnz:;.-tAh-sonioy,)-(2,—Ax‘1,)/(AN-Au1)
th:FALl/((FTND(”)-FGHZ )"20F<A1)‘PLLI/((F'QV(N!th“Z“‘Z‘HSA1)
Fk“:kAL1/((LTRN("J-FGHZ )"26h§A1)‘FAL1/((FT“V(N)‘VG“Z"‘Z*HQA:)
TLQQ:(FVP-LNﬂi‘ﬁ“HoLhH:oFU.LkOj)-txpr(.z‘nﬁuathv-AV]/TT(]))
SLMzSLMeTER

FENTIAUE

ALPHEZ 3 CONSTe(PR ITTIYmedY el Ghynes gu

ALPH(L1 1)s8LPRE)D

THO=300,/TT¢(1)

PbLl=EELZEca°(”P¥'TQF‘ FP(1)eCVPR ‘94YI‘THS'°.OK)'1.E-J
TELF2e0rLFopriy
rFQz:lQATlﬁo[ELFv(l,/(FSLHD¢n&lf?)ol,/lfhlf2‘ULL‘2))
ALPH22=FSTF2?trbﬂloPFAOcht-l,ﬁ-LxDp(2.144-(1,-Tn@))orva
ALFRES=1,561%20 o ropzs o DL e PR e TT{[)es(-2,9)

BLPHEZ2,1) 2 aLPHD¢ o ALFRES

ALPHOL. 1) 15 ARS, CHEFF, feg EXYSEN, ALDH(D, 1) waTkgn VAPCR,
ALPHES, 1) 1S TeTag ARESFHPYIES FERFFICLE T

ALPHIZ, f)2 ALPr(1,1) ALPHI2,T1)

CENTINUE

FaD

QITI1SSYTIND
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SUBROYTINE
Hi2EHleH1
H228H2eH2
HHapH) 62

HPHEH) $H2
AFACS(Y1oH2 ¢ YJsHiaYZoHPH)/ (HHeHPH)

AREA s

1
END

(2,9H2)

[.. V. BLAKE

n6/720/%¢

INTGRY (H{ ,K2,Y4L,¥2,Y3,ARER)

(AFAC/3.)e(H2eM2 o HiZsHY)

¢ YZ2eHPNK

.

{Y3eY2-AFAC®H22)®(H22eHi2})/

QITATSSYTINN
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SUBROUTINE JTERAT(AMX,ATT)

GIVEN RADAR MAX[MUM RANGE IN NONABS@RBING SPACE, RMX, THE
SUBROUTINE FINDS THE ATMOSPMERIC ATTENUAT]ON ATT, FROM A TABLE
SUPPLIED 4Y ANOTYHER SUBRBUT[NE V1A THE COMMON STATEMENT,

IT THEN CORRECTS THE RANGE RMX BY A FACTOR BASED N ATY, THIS
PROCEQURE 15 ITERATED UNT{L SUCCESSJYE ATT VALUES DIFFER BY LESS
THAN O,1 DECIBE{,

COMMON/RGA/ RG(75), ATTN{3,7%)

ATT_L =g,

DB 30 le2,75

IF (RG(1) « 2MX) 10,9,11

Jsley

ATTRCATTIN(I 1)=ATTN(S,J) 1o (RMXaRG(J))/(RG(1)=RG(J)) o ATYNII, )
Ge Yo g2

ATTRATYTN(3, ]

GO 10 12

CBNTINUE

ATYRATIN(Y,75)

DIFF 8 ATTL .« ATY

RMX = RMX e 40,ee(D]Fts,n25}

[F tABSFI(DIFF) LTy 0.4) RETURN

1f (RMX ,GE, KRG{75)) RETURN

ATTL = aATY

G6 tO 1

END

Q313TSSYTIND
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SURRQUTINE POSN(PDT«PFA,NPULS!KASEo'QB)

EXTERNAL PD

NIMENSION DBO(Sl-SLOPE(S)nPOFAC(S)

cOMMON /P0S/ PFLASTuNLASTnKSLAST

DATA (PFLAST'O.)o(NLAST-O)o(KSLAST--l)

DATA (090312-5014001~:013-2O1302)0(SLOPE-G-.7ooﬂov7.oﬂ-)'
(POFACE4 8920649200513 00130)

OATA(DHMXN--3O.)v(DBHAXUSU.)0(08120-)o(082'6.)

1F (POT.EG.POLAST) 1420

1f (PFA.EC.PFLASY) 2120

1F (NPULSLEQeMLAST) 3v20

IF (KASE.EQeKSLAST) RE TURN

POLAST=POT

PFLASTuPFA

NLASTsNPULS

KSLAST=KASE

KEKASE ¢ 1

PULSuNPULS

DRI'DRO(K)-SLOpE(K).ALOGIO(PULS)°(PDT~.S)'PDFAC(K)0(PFA-Q.)¢.4.1.

DR2=CR1+2,
calLL INVEFS(DBHXN.OBNAXoDBl008205|15|NOIQSDﬂ0901.FOT!PD)

END

AATITSSYINN
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FUNCTTION PD(SNDR)
COMMCN/PDS/FAINYKASE

NP =N ’

FAN®F 4

KAS®KASE

CALL MARSWR (SNDB NP ¢FANIKASPD])
PompPL1

END

05712/72
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SURRCUTINE INVERS(XMINoXMAX.XLOoXNXcNSIGuLIMqN01.XcF1.FT.r)
THIS 1S A MODIFICATION (APRIL 1970) OF A PREVIOYS SUBROUTINE NaMEC
INVERT, THIS VERSION HAS ADDITIONAL PARAMETERSe Le Ve BLAKE. NRL.

THIS SURRNUTINE FINOS VALUE OF X ThAT RESULTS IN F(¢X) = FTy BY
ITERATICK RASED CN LINEAR INTERPOLATION/EXTRAPOLATION FROM PREVIOUS

TWO THIALSe FUNCTION F MUST B8E MONOTOMNIC,

10

21
2

23
24

2%

TEST = 10.%%{=NSIG!}

FOp = FT

IF (FT JEGs 0¢) Fp = 1o

N0y = 1

DELTE = XR1 = X0

Xx1=XL2D

xP=XM1

Flz=F(x1)

FPzF (%7)

SLOPE= (F2=F1) 7 (x2=X1)

1¥ (SLOPE LEU, 0,y 10421

PUAKEE (XMAX)

P ltiss (XMIN)

SLOPE = (FAAN=FMIN) 7 {XMaX=XM]IN)
1747 2=FTY®SLOPE (LTs 04) 22923
x]=K2

£1=F?

X2BX2+NELTA

IF (X2 «GTs XMaX) X2®XMAX

F2=F {x2)

60 TC 21

IF((FT=F1)8SLOPE LTe 0o} 24925
x2=x1

Y1aX1=DELTA

IF (X)] «LTe XMIN} X]BXMIN
¢2sfl

FlzF(x1)

np TQ ?3

Xamyy

XAuxX2

FasFl

FR=aF2

1F (ARSF(F2=FT) LT, ABSF(F1=FT)) e
F22wf?

F2afF]

FilaFe2

Xp2=8X?

x2axl

Y1mX2?2

60 TC 6

Fl=F(X)

xl=x

TESTL = ABS({F1«FT)/FD)

1F (TESTL JLEe TEST) 246
RETURN

1F (NOT 4GEs LIM) 12913

PRINT 40

PRINT &), LIM

PRINT 42¢ XMINy XMAXs KLOs XHIy NSIGe LIMs NOls Xo Fl. FY
BETURN
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13 IF (F1 JEC, FQ) 15+16
15 1F (F1 JFG, FB) 17,18
17 x@sXl
x2uXA
a0 TC 19
18 xasXxl
X2sXA
19 Xm(XAeXB)®,D
a0 TC 1
16 l-(Xl-XZ)O(FT-FZ)I(FI-FZ) + X2
1F (X LT, XA) X=mXA
1F (X «GT. X8) x=xg
NOY s NOI 1
F2aFl
xenxl
60 T0 1
40 FORMAT (/7/7% MESSAGE FROM SUHROUTINE INVERS == *//)
41 FORMAT (e  FUNCTION INVERSION NOT ACCOMPLISHED WITHIN SPECIFIED @
1 113 @ ITERATIONS.’/)
42 FORMAT (/¢ INVERS PARAMETERS WwERE ¢.4(510,3.2x).3(13,2x,,510.3,

1 2(2xs€10,3) /)
END
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42 .. V. BLAKE

0s/12/12
SUBRCUTINE MARSWR (SNDByNyFA¢KASE,PN)
g INPUTS ARE == SNDRY SIGNAL«TO=NOISE POWER RATIO IN NECIBELS =-
¢ Ne¢ NUMBER QF PULSES INTEGRATED ==
¢ Fae FALSE ALARM PROBABILITY, EXPRESSED AS ARSOLUTE VALUE OF PQOWER
¢ NF TEN (E.Ges FA = 8, MEANS 10.,%%(=8,) FALSE ALARM PROBABIL[TY -~
¢ KASEs SWERLING FLUCTUATION MODEL+ WITH KASE m= 0 FOR NONFLUCTUATING
¢ QUTPUT PN IS PROBABILITY OF DETECTION
g BASEC ON PROGRAM WRITTEN ATJUMU APPLIED PHYSICS _ABORATORY, NAMED
¢ SURROUTINE MAHCUM, MCDIFIED AT NRAL BY L. V. BLaKEs THIS VERSION
c DATED APRIL 1971
c APL VERSICN OEFINED FA AS FALSE ALARM NUMBER (MpARCUM CONCEPT),
c NRL MOD CHANGED THIS TO FALSE ALARM PROBABILITY (aS DEFINED ABOVE)
c SOME OTHER CHANGES ALSO.
¢ NOYRALE PRECISION ENPRyYBPR,GAMPRPYB,H, Y0 EOsY1, E14STEP,YH 00000200
NOUBLE PRECISION DGAMs DEVALs SUMLOG, SUML, FAN, EN 00000300
¢ 00000400
¢ COMPUTE MARCUMWSWERLING DETECTION PROBABILITIES 00000500
[+ 00000600
¢ CONVERY S/N IN DB TO NUMERICAL S/n RATIO 00000700
¢ 00000800
SNR = 10.,e0(SNDB#,1) 00000500
¢ 00001000
[ TO CCNVERT THIS SUBROUTINE TO INTERPRET Fa oS TWE MaARCUM FALSEe
[ ALARM NUMpERs CHANGE THE NEXT STATEMENT TO READ == MODE = ¢
c
MODER]
¢ 1F MODE IS 1+ CONVERT FA TO MEAN EXPONENT OF FALSE=ALARM 00001100
[ PROAARILITY RATHER THAN MARCUM FALSE~ALARM NUMBER 00001200
¢ 00001300
IF (MODE) 8009 B00s 900 000031400
900 FAN =NLQOG]0{0LOG(45)/0LOG ] s=l10eD) %8 («FA})) 00001500
O Y0 909 00001600
800 FAN o Fi 00001700
c 00001R00
[+ TEST INPUTS 00001900
o 00002000
905 IFI(N) 9949942 05002100
2 1F(FA)199499s3 00002200
3 TF(KASE) 994404 odocz2300
4 JF(KASEad4) 5,5,99 00002400
[ 00002500
c ESTINATE BIAS LEVEL 00002600
[ 00002700
§ FNPR & n, 00002800
& FNPR = FAMN 00002900
EN = A 00003000
YRPR = O, 00003100
IF (NPREV LEQe¢ N AND« FAPREY LEQ, FA) GO To 77y
IF{N=12) 74708 00003200
T YRPR = EN®(1,42,2¢ENPR/EN®#%((2,0/3.0)¢,015¢ENPR)) 00003300
60O TC 11 00003400
A YBPR = FEN®(].,9],39ENPR/EN®® (54,011 %FNPR)) 00003500

c 00003600

Qa1315SYTIND
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(¢ NeXe)

(e NeXNsg]

10

12
14

16

1R

29
22

24

777

100

lo2
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08/12/72
COMPLTE B1AS LEVEL

FNPR m 10,%%EAPR

GAMPR w OGAM(YBPR,N=-1)

PYR w 584 (],/ENPR)

SUML = SUMLOGI(NeY)

1F (GANPRePYH) 10412412

" om Nl

GO TC 14

Hom oe,01

Y0 = YRPR

FO ®» DEVAL(YHINe1sSUML)

Yl w Y0eH

F1 = NDFEVAL(YloM=]1,SUML)

STEP & GAMPR ¢ H®*(E0%E])/2.
"F(SIGNF(1,eSTEP=PYB)=SIGNF(1asH)) 18420418
Yo = Y1

FO = F1

GAMPR = STEP

A0 TC 14

TF (M) 22024024

vyR m vl = He(PYR=STEP)/!GAMPR=STEP)
R0 TO 2390

YR w g ¢ He{PYR=GAMPR)/(STEP=GAMPR)
RIAS » YB

Y8 = BIAS

NPREV = N

FAPREV = FA

SELECTY M~S CASE

X ® SNR
K = KaSE+]
A0 TO (1004200+300+4004500) ¢ K

CASE 0

SUM = 0,

P m ENSX

1F(Ya=P=EN) 150,102+102

KS @ «(ENsle)/2, o SQRTF(((EN=]l,)/2,)n02,P8yR)
KS = XMAXQF (KSyQ)

GS ®m ) 4=GAM{YBeKSeN=1yTN)

TS m FEVAL(PyKS)eGS

v = GS

X = KS

TERM m TS

T, = TN

TEMP u SUMSTERM

IF(SUMTENMP) 112911619116

SUM = TEMP

TF(KY 116411064114

TERM w TERM®FLOATF(K)®(G=TL)/(P*G)
G = G=TL

K m Kel

TL = TLOFLOATF (KeN)/YB

00003700
00003800
00003900
00004000
00004100
00004200
00004300
00004400
00004500
00004600
00004700
00004800
00004900
00005000
00008100
0000%200
00005300
00008400
00008500
00003400
00005700
00005800
00005900
00004000
00006100

00004200
00006300
00006400
00006500
00004400
00006700
v0006800
00006900
00007000
00007100
000072¢C0
60007300
00007400
00007500
00007600
00307700
00007800
00007900
0000R000
00008100
00008200
0000R300
00008400
00008500
00008600
0goon700
0000AR0O0
0000R900

QITITSSYTIND




it

SO0

116

120

122

150

158

160
162

164

166

170

172

174

200
210

220

1
80 YC 99

L. V. BLAKE
80 TC 110
TL = TNOYR/FLOATF (KS*N)
XK u KSe]
G = CGSeTL
TERM » TSepaG/ (GSeFLOATF(K))
TEMP = SUMOTEWM
TF (SUMaTENMP) 12241904190
SUM w TEMP
TL = TLeYA/FLOATF (KeN)
K = Kol
TERM = TERM®PY (GeTL) /(GOFLGATF (K))
G w GeTL
G0 TC 120

KS ® =], « EN/2, + SQRTF(EN®%2/4.¢PoyR)
KS mXMAXOF (KSe0)

GS = GAM(YB¢KSeNe]TN)
T1FIGS) 17401744155

TS & EVAL (PyKS) #GS

6 = GS

TFERM = TS

K & KS

TL = TN

TEMP o SUMSTERM

1F{SUMTENP] (6211661166
SUM s Tgmp

IF(X) 166,166,184

TERM = TERMOFLOATF(K)®(GeTL)/(POG)
G & GeYL

TL = TLOFLOATF (KeN=1)/Y8

K &8 Ke]

GO TC 160

TL = TNOYR/FLCATF (KSeN)

X u KSel

0 u 08aTL

TERM = TSepeG/ (GSeFLOATF (K))
TEMP & SUv o TERM
TF(SUMTENMP) 17241764174
SUM = TEMP

TL & TL*YR/FLOATF (KeN)

TERM = TERAM®P® (G=TL)/ (G*FLOATF (K+1))
G u GaoTl

X = Kbl

a0 TCc 170

SUM & a=CUM

PN = Stip

”0 TC 90

CASE }

1F(Ne1) 210+210,220
PN & EXPF(=YR/{]1seX))
RO TC Q0

TEMP = 1, o la/ (EN0X)

PN ® 1, = GAMIYReN=20DUM} ¢ EXPF((EN=1,) % 0GF(TEMPlaYa/ (], spNaX)}
SGAM(YB/TEMP«N~24DUM,

05712712

00009000
000079100
00009200
00009300
00009400
00009500
00009600
00009700
00009R00
00006600
00010000
00010100
060010200
00010300
00010400
00010500
00010600
00010700
00010800
00010900
00011000
00011100
00011200
00011300
00011400
00011500
00011600
00011700
00011800
00011500
00012000
00012100
00012200
0001230¢
00012400
00012500
00012600
00012700
000{2a00
00012900
00013000
00013100
00013200
00013300
00013400
00013500
00013600
00013700

00013800

00013900

00014000

00014100

00014200

00014300

00014400

00014500

QITITSSVIOND
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CASE 2
300 TF(N-1) 310+310,320
310 PN ® EXPF(=«YB/(1eeX))
GO TC 90
320 PN m 1, « GAM(YB/(1,4X) 4N=1+0UM)
G0 TC 90
CASE 1
400 IF(N=2) 410,420,430
410 PN = (1402 %XPYR/{Ke20)@02) ®EXPF (2, 8YR/(2,4X) )
60 TC 90
420 PN w (1,0YB/(1,4X))®EXPF (wyYB8/ (144X} ]}
Q0 10 99
430 C » 2,/7(2.,¢EN®X)
n = 1.-C
TF(YBaNeEN) 440,450,450
440 SUM = ¢,
TERM = 1,
J s N
442 TEMP u SUMSTEKM
TF (SUMTENP) 444,446,440
444 SUM = TEMP
TERM o TERMeYD@D/FLOATF (J)
Jo=oJey
GO TC 442
446 PN & 1, = GAMIYRIN®2PDUM) CRYHOEVAL (YBiN=3)
1 . D’EVAL(YRGN'I)'(l-‘C'YB~(EN-2.)'CID)'qUN
GO TC 90
450 PN @ 1, = GAM(YRsN=3sDUM) « YB*EVAL (YByNw3)#C/D
1 . EXPF(-COYB~(EN-E.)'LOGF(0))O(X.oc-ve-(cn
2 4GAM(YE®DN-J,DUM}
a0 Y0 9¢ p
CASE 4

500 SUM s ¢,
C & 2,/(2.4X)
n = 1,-¢
O w C/D
P ® CoYR

KS = (3.'EN¢(7800))/2-'SQQ7F((Eh'1.°(Y8'D))"2/¢.0(YB'DJ'(E~01.))

KS & XMINOF (KSyN)

XS ® XMAXONF {KS,01}

K & KS

J = NeKS

FKS w KS

K = XMINOF (KS,Nj

TFAYB=-EN®[],*0)} 550+501450]
501 45 = 1, - GAM(P,2eN-1=K5, TN)

TF(GS) 52645264502

05712772

“24)%C/0)

502 TS = EXPF(FKS’LOGF(C”(EN-FKS)'LOGF(D)oSUNLnG(N)-SUMLOG(KS)

] =SUMLOG L) *LOGF (GS))
R e GS

00014600
00014700
00014800
00014900
00018000
00018100
00015200
00015300
00015400
0001%500
60015600
00018700
00015800
00018900
00016000
0001A)00
00016200
00016300
00018400
00016%00
00016600
00014700
00014000
00014900
00017000
00017100
000)7200
000172300
00017400
00017500
00017500
00017700
00017800
00017900
0001A000
0001R100
00018200
000181300
00018400
00014500
00018400
00018700
00018800
0001A500
00019000
00019100
00019200
00019300
00019400
00018500
00019400
00019700
00019800
00019900
00020000
00020100

YIINN

L]
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S10
512
514

516
S18

520
522

524

526

550

562 TS = FXPF(FKS'LOGF(C)o(EN-FKS)'LOGF(n)oSUNLOG(N)-SUNLOG(KS)

!

SAN
LY.Y]

Sh4e

566
568

S76

St2

L. V. BLAKE

TERM » TS

TL = TN

TEMP a SUMeTERM

1F {SUMTEMP) 51245164516

SUM = TEMP

1F(K) 51645164514

TI. m TLSP/FLUATF (2#N=K]}

TERM o TEDMOFLOATF(K)'(G‘TL)/(Q'FLOATF(N-K.l)'G)
G m GaTL

K 5 Kol

60 1C 510

1F (KSaN} §184526,526

TEAM =2 TS!O’FLOATF(N-KS)'(GS-YN)/(FLOATF(KSol)OGS)
6 = GS=TN

TL = TNeFLOATF (2eN=1=XS) /P

K & KSs)

TEMP = SUMeTERM

TF(SUNTEMP) 52215261526

SUM = TEMP

1F (KaN) 524,526,526

TERM = TERM'Q'FLOAYF(N-K)'(G~7L’/(FL0ATF(Ko1)'G)
G = GeTL

TL = TLSFLOATF (2%NeleK) /P

K = Ko

G0 TC S20

PN m SUM

G0 TC 90

GS = GAM({P428N=1=KSsTN)

IF(6S) ST6+4576,552

=SUMLOG{J) ¢LOGF {GS))
6 = GS
TERM = TS
TI. = TN
TEMP w SUNOTERM
IF{SUMaTENP] Y621566¢866
QUM = TEMP
1F(K) 56645661564
TL @ TLSP/FLUOAYF (28N=K)
TERM « TERMSFLOATF (K} ® (G=TL)/ (QeFLOATF (NaK+]) %Gy
G w G=TL
K = Kel
GO TC 560
TF{KS«N} €4B95769576
TERM « TSeQeFLOATF (N~KS)® (GS+TN)/ (FLOATF (KSe])®gS)
G = GSeTN
TL = INSFLOATF (24N=]1=KS) /P
K a KSe)
TEMP 2 SUMGTEHM
IF(SUM=TEMP) S724576+576
SUM = TEMP
IF (KeN) 5744576,576
TERM = TEAMOQUFLOATF (M=K)®(G¢TL)/(FLOATF (Ks1) %G)
5w GeTL
TL o TLSFLOATF(2aN~]1=K)} /P
K s Koy

08/12/72

00020200
00020300
00020400
00020500
00020600
00020700
00020R00
00020900
00021000
00021100
00021200
00021300
00021400
00021500

00021600

00021700
00021aR00
00021900
00022000
00022100
00022200
00022300
00022400
00022500
00022600
00022700
00022400
00022900
00023000

00023100

00023200
00023300
00023400

00021500
00023400
00023700
00023800
00021900
00024000
00024100
00024200
00024300
00024400
00024500
00024600
00024700
00024a00
00024900
00025000
00025100
00025200
00025300
00025400
00025500
00025600
00025700
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R0 YC 570
S76 PN = ],=5UM
30 TO 90

SET PRORARILITY

90 IF(PR) 91,9452
9] PN ® 0,
G0 TC 94
Q2 TF{PA=1,) 94994,93
93 PN = 1,
94 RETURN

FRAOR MESSAGE FOR BAD INPUTS

99 WRITE (61,9) NFA s SNRyKASE

a7

00025800
00025900
00026000
00026100
00026200
00026300
00026400
00026500
00026600
00026700
00026800
00026900
00027000
00027100
00027200
00027300

9 FOAMAT ({wQ /50H UNREASONARLE CALL SEQUENCE T0 wmARCUM, ZERO RESULT00027400

1 7HS GIVEN //4H N ® [BeSXeSnFA ® gl6sRe5XeSKSNT & 00027500
? E1648¢5X96HKASE = [B) 90027600
PN ® N, 00027700
atas = 0. 00027800
RETURN 00027900
END 00028000

QITITSSYTIND
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100

10

1S

20

200 J

30
s
36

40

FUNCTION NGAM(BN)
nOUARLE PRECISION SUM»

TERM

L. V. BLAKE

0%/712/7

2
00028100

TEFPIFJo0DGAMy NEVALe Boe SUML ¢ SUMLOG 00028200

INTEGRAL s 1=(SUMy J=0 10 No OF EXPF (J® OGF (B) ~B=

SUM & 0,

X =8

1F {K=N} 100902004200

J o= Nl

SUML = SUNMLOG(J)

TERM = DEVAL (BsJeSUML)
TEMP = SUNCTERM

{F (SUM=TEVP) 15,2020
SUM s TEMP

J s Jel

FJJ = J

TERM = TERM®B/FJ

60 TC 10

NGAM s SUV

RETURNMN

FIEN

SUML w SUNMLOG(J)

TERM & DEVAL{HsJeSUML}
TEMP @ SUNeTERM

1F (SUMTENP) 35,40440
SUM = TEMP

1F(J=1) 40436436

FJ & J

TERM s TERM®FJ/R

Je J=l

a0 T0 130

NGAM = 1e=SUM

RETURN

END

LOGF (NFAC(( (28300
(((28400
(((2a%00
(((28600
(1128700
(((28R00
(128900
{29000
1129100
(129200
(129300
(1129400
(1(29500
1129600
({29700
(((29800
(1129900
(t130000
({t3an100
({30200
(((30300
{((3040C
{13000
({30600
(((3n700
€ ((30R00
(1130900
(031000
(t¢31100
(131200

QIT4TSSYTINN
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FUNCTION DEVAL (YoNeSUML)

DOUBLE PRECISION XPONJENIDEVALY  YoSUML
XPON = =Y

TFINY 20420010

FN & N

XPON & XPCN+ENODLOG(Y) =SUML

NDEVAL = DEXP{XPON)

RETURN

END

08/12/772

({(31300
(((31400
(0131500
({31600
(31700
(131800
(131900
(132000
tee3z100

19

QITITSSYIIND
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100

16

1S

20

20n

1A
15

16

4n

L. V. BLAKE

08712772

FUNCTTON CAM{E)NTN)
SINGLE PRECISION VERSION OF CGaM

SUM = (.

X = B

TF(X=N) 10092004200

] m Nel

TERM u EVAL (B Y

TN = TERMefFLUATF () /8

TEMP w SLMe¢TERM

TF (SUMTEMPY 15,20420

SUM = TEMP

J m Jel

FJ s J

TERM = TERM®B/F)

R0 TC 10

GAM ® SUM

RETURN

| = N

TERM s EVAL(Br D)

TN = TERM

TEMP s SUNSTERM

TFISLM=TENP) 15440440

QUM & TEMP

TF(J=1) 4036036

FJ = J

TERM 5 TERMeFJ/B

J s _=)

A0 TC 10

AEM 3 1,-5uM

RFTURN

XN

({32200
({({32300
({32400
(4132500
(1132600
(t(32700
(£(32R00
({32900
(133000
((¢33100
(€(33200
({33300
t{(33400
(((33500
({33600
({¢33700
({(33R00
(((33500
{( (34000
(((34100
1{(34200
(((34300
(1 (34400
(6134500
(#(34600
(£ (34700
(C(34RD0
(((34900
(35000
(035100
({38200

(EREEREN
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FUNCTTON EVALIY N}
LPON & =Y
TF (N} 20020110

EN ® N
XPON s XPCN+EN®LOGF {Y)=SUMLOG(N)

EVAL ® EXPF{XPON)
RE TUAN
END

0s/12/72

51

(135300
(135400
({35500
( (135600
({35700
€ (35800
({35900
({36000
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52

20
30

40
S0

60
70
T2

80
a2
84

90

92

FUNCTION SUMLOG(N)

DOUALE PRECISION A, B, SUMLOG
DIMENSTION A(1000!}

NATA(DUMA a Qo) 4 (DUMB = 0,)
NMAX®1000

IF (DUMA-DUMB) 20+10+20
nuMa = 1,

NPUMB = 0,

NLAST a ]

A(1) = 0,

NN u XARSF (N)

IFINA=Y) 30430440

SUMLOG = 3,

HE TURA

TF(NNaNLAST) S0,50960
SUMLCG = A (NN}

RETURN

K & N ASTe]

TF(NMaNMAY) T0470,80

NO 72 TsKyNN

A(Y) = A(]=1) & DLOG(FLOATF(I})
NLAST w NA

60 Y0 So

TF{NLAST=AMAX) ARZ2,90+90

N0 84 TaK,NMAX

AlI) & A(l~1) o QOLOG(FLOATF(]))
NLAST = NwAX

A = A(NMAY)

K = AMAXe)

N0 92 1aK«NN

A« B 4 DLOG(FLOATF(I))
SUMLOG = g

RETURN

END
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Appendix A

A FORM FOR LISTING DATA CARD INPUTS TO PROGRAM RGCALC

The following form has been devised for listing the input quantities needed on data

cards for Program RGCALC. The form provides a convenient reference for
data cards, since it indicates the card columns for each input quantity. The
(1 through 7) are also described in a footnote on the form.

DATA CARD FORMATS FOR PROGRAM RGCALC
(Reference: NRL Report 7448)

Cards 1, 3, 5,7 . ..: Name of radar (Format 10A8). Cols. 1-80. (Any other descriptive
alphanumeric material can be entered in these columns.)

Cards 2, 4, 6,8 ...: Radar data as below. (Note: A quantity with F format can he punched
without dectmal point if it has an integer value and is right-adjusted. Non-integer numbers
must be punched with decimal point; right-adjustment then unnecessary. Integer-format
quantities must be right-adjusted in specified column ficld.)

punching the
“case’’ options

DATA ITEM FgggiCAT COLS. RADAR NAME | RADAR NAME { RADAR NAME

Transmitter power, kW (P) F6.0 1-6
Pulse length, usec (1} F6.0 712
Transmit i;r’]rti(*nl‘a gain, dB (GT)i T _E:‘(_O“ B kil:'i»-rl? T
Receive antenna gain, dB (.G', T F4.0 _17-20 ]
Target croxs section, sq m () - Fa.0 21.26
l"lvq\lt'my. Mite (/) Fo.0 27492

m/\nlvnm\ oh;ﬁl_cﬂl:u-s. dll U,u T ;‘!0 ’ ]338 R ’
Rl'u'lvmg hm' lou (lB (L, T '""ﬁ}f"" “33746v )
| Transmit line loss, aB (L)~ | P40 Tata4 | T

;\pu-nna pillnm scan loss, dB “‘P,,,, ! ,,,F“'O 45-48 o
Miscellaneous loss, dB (Lx) F4.0 49-52
| Bandvr ldlh/shdp;‘"f-i!_l:;r- dl_l_ﬂ,:"—) TN ka0 Ts3se | T
Receiver noise factor, dB (N)‘) - T -.l'-:-l‘oi B »'5760‘ e
Number of pulses (M) T
See R(‘port 6930, Eqs. (71) and (72) 15 61-65
| Cases 0.5: Probability of detection | | 1]
Cases F{.0 66-69
Cases 0- p R 7 I
Case 6: BJ“EE,E‘{SE:I §|gnal/n0|se 4B 1 F40 7033 R e
csewns Ty i ]
Taruct ulcvnuon angle, degrees _»_!"_4 0 L 75-'28__ . . o B I
Galactic-noise-level code (—1, 0 *l)
{minimum, average, maximum) 12 79-80

*Cases are: 0 to § — range is aalculsted for corrrsponding Swerling Muctuation case; § — calculated for atl five Swerling cas
6 — calculated for the S/N value in Cols. 6669, 7 - calculated fur two §/N values, ane in 66-69, other in 70-73.
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es {0, 1,2, 3, 4}
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